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The  greater  number  of  strictly  chemical  tests  for  blood  in  use  at 
the  present  time  depend  on  the  power  of  blood  to  induce  the  oxida- 
tion of  various  chromogenic  substances  by  means  of  various  oxidiz- 
ing agents  of  the  type  of  hydrogen  peroxide.  In  such  tests  the  blood 
plays  the  part  of  an  oxygen  carrier.  In  the  clinical  examination  for 
blood  and  in  forensic  investigations  a considerable  number  of  chro- 
mogenic substances  have  been  emplo3md,  such  as  guaiacum,  aloin, 
the  leuco  base  of  malachite  green,  benzidin,  phenolphthalin,  etc.,  as 
well  as  various  oxidizing  agents,  such  as  ozonized  oil  of  turpentine, 
hydrogen  peroxide,  etc.  When  small  amounts  of  aiw  one  of  these 
chromogenic  substances  are  brought  together  with  water  and  h}"dro- 
gen  peroxide  or  ozonized  oil  of  turpentine  and  a minute  quantity  of 
blood,  a colored  substance  is  produced  the  nature  and  color  of  which 
depend,  of  course,  on  the  nature  of  the  chromogenic  substance 
employed.  Property  controlled,  the  development  of  such  a color 
under  these  conditions  indicates  blood,  and  certainty  if  no  color  devel- 
ops it  indicates  the  absence  of  blood. 

The  historical  development  of  this  subject  forms  one  of  the  most 
interesting  chapters  in  the  histoiy  of  clinical  chemistiy. 

The  fact  that  blood  has  the  power  to  blue  guaiacum  in  the  pres- 
ence of  ozonized  turpentine  or  ly^drogen  peroxide  was  first  pointed 
out  by  Schoenbein  in  1856.  In  a communication  on  ^ ^Chemical  Con- 
tact Actions”  (149)  he  describes  the  remarkable  effect  of  certain 
substances  on  such  compounds  as  hydrogen  peroxide,  old  oil  of  tur- 
pentine, and  ozonized  ether,  as  a result  of  which  the  inactive  oxygen 
which  they  contain  is  either  set  free  or  converted  into  ozonized 
(active)  oxygen.  He  had  previously  shown  that  ozone  and  the  so- 
called  ozonids  have  the  power  of  bluing  the  tincture  of  guaiacum, 
whereas  pure  hydrogen  peroxide  and  other  antozonids  can  not  effect 
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this  change.  If,  however,  to  the  mixture  of  hydrogen  peroxide  and 
tincture  of  guaiacum  one  adds  a small  amount  of  platinum  black, 
the  mixture  at  once  develops  a blue  color,  for  the  reason  that,  accord- 
ing to  Schoenbein,  the  antozone  of  the  hydrogen  peroxide  is  converted 
into  ozone  or  an  ozonid  through  the  action  of  the  platinum,  and  this 
at  once  blues  the  guaiacum  in  the  manner  alread}"  described.  He 
observed,  further,  that  certain  organic  substances  act  upon  the  mix- 
ture of  hydrogen  peroxide  and  guaiacum  in  precisely  the  same  way 
as  platinum  black.  This  action  is  shown  b}"  blood  corpuscles  and 
the  gluten  of  wheat  in  a remarkable  manner.  In  describing  these 
experiments  he  goes  on  to  say  that  if  one  separates  the  blood  cor- 
puscles as  completeh’  as  possible  from  fibrin  and  serum  and  dissolves 
them  in  water  one  obtains  a strong  red  solution.  If  one  now  adds 
a small  amount  of  such  a solution  to  hydrogen  peroxide  containing 
guaiacum  it  causes  the  mixture  to  take  on  a deep  blue  color  after  a 
few  seconds,  and  this  property  of  blood  is  not  influenced  b}"  drying 
or  boiling.  That  the  red  blood  corpuscles  and  flour  do  not  blue 
guaiacum  alone  needs  scarcely  to  be  mentioned.  Animal  albumin, 
fibrin,  and  casein  are  without  action  on  the  mixture  of  hydrogen 
peroxide  and  guaiacum  tincture,  and  creatinin  acts  only  slowl3\  He 
then  showed  that  a mixture  of  guaiacum  tincture  containing  a few 
drops  of  strongl}^  ozonized  oil  of  turpentine  is  colored  a deep  blue 
after  a few  seconds  b}^  platinum  black  and  also  by  a solution  of  blood 
corpuscles.  So,  in  the  same  way,  ozonized  ether,  which  alone  does 
not  blue  guaiacum  tincture,  does  so  with  the  help  of  platinum  black 
or  blood  corpuscles.  He  also  observed  that  an  indigo  solution  con- 
taining hydrogen  peroxide,  which,  alone,  required  six  hours  for  its 
bleaching,  was  bleached  under  the  influence  of  blood  corpuscles  in  a 
few  seconds,  and  also  that  a mixture  of  indigo  tincture  and  ozonized 
turpentine  was  bleached  by  blood  corpuscles.  He  also  pointed  out 
that  blood  corpuscles  instantly  effect  the  liberation  of  iodine  with  the 
formation  of  the  blue  iodide  of  starch  in  solutions  containing  potassium 
iodide,  starch,  and  hydrogen  peroxide.  It  is  evident  from  these  facts 
that  certain  materials  act  upon  ox}^gen  and  certain  oxygen  com- 
pounds (antozonids)  in  such  a way  as  to  convert  the  ox3^gen  into  an 
active  form  and  thereby  oxidize  many  substances  which  neither  ordi- 
nary oxygen  nor  the  antozonids  can  attack. 

In  a second  communication  (150)  on  this  subject,  Schoenbein  calls 
attention  to  the  fact  that  ferrous  sulfate  acts  toward  guaiacum  and 
hydrogen  peroxide  or  any  antozonid,  in  precisely  the  same  way  as  a 
dilute  solution  of  blood  corpuscles ; and  in  this  connection  his  colleague. 
Hiss,  showed  that  the  chemical  activity  of  red  blood  corpuscles  in  this 
regard  is  proportional  to  the  amount  of  iron  which  they  contain.  He 
therefore  concluded  that  blood  corpuscles  owe  their  power  to  increase 
the  chemical  activity  of  oxygen  to  the  iron  which  they  contain,  and 
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in  this  connection  he  cites  the  fact  that  neither  putrefaction  nor  boil- 
ing destroy  the  activity  of  solutions  of  blood  corpuscles,  which  would 
indicate  that  their  power  to  activate  oxygen  depends  less  on  their 
organization  than  on  their  iron  content.  He  is  careful  to  point  out, 
however,  that  certain  iron-free  organic  substances,  among  them  ben- 
zaldehyde,  also  possess  the  power  of  converting  inactive  oxygen  into 
the  active  form  and  thereby  accomplish  oxidations  which  can  not  be 
brought  about  by  ordinary  oxygen. 

In  a still  later  communication  (151)  he  considers  these  phenomena 
in  their  relation  to  oxidation  processes  in  the  animal  organism,  and 
points  out  the  importance,  to  the  respiratory  process,  of  the  oxygen- 
carrying power  of  the  blood  corpuscles  and  their  correlated  property 
of  actively  decomposing  hydrogen  peroxide,  as  a means  whereby 
the  inactive  oxygen  of  the  atmosphere  is  rendered  available  for  the 
requirements  of  the  organism.  He  also  calls  attention  to  the  delicacy 
of  the  guaiacum-hydrogen  peroxide  test  for  blood  and  to  its  value  in 
forensic  investigations,  and  later  he  observed  that  dried  blood  cor- 
puscles are  more  active  than  the  fresh  material,  so  far  as  their  power 
of  inducing  oxidation  is  concerned. 

Our  knowledge  of  the  guaiacum  test  for  blood  has  been  considerably  ■ 
extended  by  the  investigations  of  van  Deen,  Day,  Taylor,  Liman,  and 
others ; and  in  medical  writings,  despite  the  earlier  work  of  Schoen- 
bein,  the  test  has  generally  come  to  be  known  as  the  van  Deen  test,  or 
among  certain  English  authors,  as  the  Day  test. 

According  to  van  Deen  (193)  the  smallest  quantity  of  blood,  no 
matter  how  old  it  may  be  or  how  mixed  with  other  substances,  is  col- 
ored blue  by  tincture  of  guaiacum  and  an  ozone-carrier,  such  as  oil  of 
turpentine.  That  such  is  the  case  is  indicated  by  the  following: 
First,  a very  small  quantity  of  old,  stinking  blood,  which  had  stood 
eight  or  nine  months,  was  greatly  diluted  with  distilled  water  so  that 
the  liquid  was  nearly  colorless.  Oil  of  turpentine  and  then  tincture  of 
guaiacum  were  added  to  this,  and  an  intense  blue  color  soon  devel- 
oped. This  blue  color  also  develops  on  allowing  the  blood  to  stand 
for  twenty-four  hours  with  oil  of  turpentine  and  then  adding  the 
guaiacum.  On  the  other  hand,  if  the  mixture  is  filtered,  the  guaiacum 
is  then  without  action  on  the  filtrate,  for  the  reason  that  the  turpen- 
tine does  not  pass  through  the  filter  and  the  blood  does  not  take 
up  the  ozone  contained  therein,  which  it  is  necesssary  to  add  to 
the  guaiacum.  Second,  blood  which  had  stood  for  two  years  with 
glacial  acetic  acid  was  diluted  with  distilled  water  until  the  solution 
was  nearly  colorless.  To  this  there  were  then  added  2 drops  of 
oil  of  turpentine  and  tincture  of  guaiacum;  the  mixture  took  on  a 
blue  color.  Third,  still  more  glacial  acetic  acid  was  added  to  the 
blood  used  in  Experiment  No.  2,  and  the  solution  filtered.  A small 
amount  of  the  filtrate  still  gave  a blue  color  with  oil  of  turpentine 
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and  guaiacum  tincture,  which,  however,  disappeared  on  standing. 
Blood  does  not  lose  this  reaction  on  cooking.  Fourth,  blood  which 
had  stood  in  contact  with  alcohol  for  two  years  gave  in  very  small 
quantity,  with  oil  of  turpentine  and  tincture  of  guaiacum,  a blue 
color;  the  alcohol  itself,  however,  did  not  give  a blue  color.  Fifth, 
dried  blood  cakes  from  a calf,  3 years  old,  were  rubbed  up  to  a fine 
powder.  One  gram  of  this  powder  was  then  mixed  with  400  grams 
of  water  and  shaken  a number  of  times.  A few  drops  of  this  gave, 
with  old  oil  of  turpentine  and  guaiacum  tincture,  a blue  color.  Sixth, 
1 drop  of  solution  No.  5 with  5 drops  of  water  gave  the  reaction. 
Seventh,  if  one  doubles  the  dilution  of  the  last  solution  so  that  1 drop 
contains  not  more  than  1 part  of  blood  in  40,000,  the  reaction  still 
persists.  With  very  small  quantities  of  blood  at  extreme  dilution  it 
is  necessary  to  wait  for  a few  minutes  before  the  reaction  takes  place. 

Since  Schoenbein  has  found  it  probable  that  the  iron  in  the  blood 
carries  the  ozone  of  the  ozone  carrier  to  the  tincture  of  guaiacum, 
control  experiments  must  be  made  with  iron  preparations.  Accord- 
ingly, ferric  oxide  and  hydroxide,  caput  mortuum,  and  the  basic  car- 
bonate of  iron  were  tried  with  negative  results;  also  limatura  ferri 
(iron  filings),  ferrous  oxide,  hydroferrocyanic  acid,  potassium  ferro- 
cyanide,  and  phosphate  of  iron  did  not  carry  ozone.  On  the  other 
hand,  ferrous  sulfate,  ferric  lactate,  ferrous  iodide,  and  ferrous  sulfide 
did  blue  guaiacum,  but  not  to  a very  high  degree;  and  ferric  acetate, 
citrate,  and  chloride  did  blue  it  to  a very  high  degree.  These,  how- 
ever, did  not  approach  old  putrid  blood  in  activity.  Subacetate 
of  copper  and  copper  sulfate  were  also  recognized  as  ozone  carriers, 
but  not  in  very  high  degree.  On  the  other  hand,  red  lead-  and  anti- 
mony preparations  gave  negative  results,  as  did  also  the  red  coloring 
matters,  logwood,  brazil  wood,  santal  wood,  and  carmine.  Of  the 
iron  preparations  which  are  ozone  carriers,  none  have  a color  similar 
to  blood,  so  that  no  confusion  could  arise;  ferric  acetate  is  indeed  red, 
but  it  is  much  brighter  in  color  than  blood.  It  also  happens  that  by 
means  of  ammonia  water  we  can  very  easily  distinguish  between 
liquids  containing  blood  and  those  containing  iron  preparations.  The 
former  give  a greenish-yellow  liquid,  while  the  latter  give  a strong  red 
turbidity  and  soon  produce  a red  precipitate.  A very  small  amount 
of  iron  also  gives  a yellow-colored  solution,  which,  however,  is  bright 
and  clear,  while  the  blood  gives  a fluid  which  is  never  transparent. 
One  must  not  employ  too  much  ammonia  water  in  making  this  test. 
Only  by  sulphur atum  ferri  (ferrous  sulfide)  was  this  distinction 
between  fresh  blood  and  iron  salts  not  so  evident.  After  a few  hours, 
however,  and  especially  after  a few  days,  the  difference  became  ob- 
servable. The  confusion  of  the  blood  reaction  with  the  copper  reac- 
tion is  prevented  by  potassium  ferrocyanide.  Finally,  old  blood 
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which  has  become  fluid  and  foul  is  more  active  as  an  ozone  carrier 
than  fresh  blood. 

A critical  study  of  the  van  Deen  test  was  made  by  Liman  (105) 
in  1863.  According  to  this  author  when  the  spot  or  substance  under 
examination  gives  a negative  result  with  tincture  or  guaiacum  and 
oil  of  turpentine,  it  can  be  said  with  certainty  that  it  is  not  blood. 
When,  however,  a positive  reaction  is  obtained — that  is,  when  the 
spot  or  substance  develops  a blue  color  on  the  addition  of  these 
reagents — one  can  not  be  sure  that  it  is  blood  without  further  inves- 
tigation, for  the  reason  that  many  substances,  such  as  iron  salts  and 
various  organic  materials,  the  vegetable  gums,  fresh  roots,  and  the 
casein  of  milk,  and  tanned  sheep  leather,  also  give  a blue  color  with 
guaiacum  and  oil  of  turpentine. 

So  far  as  I have  been  able  to  discover.  Day’s  work  (44,  45)  con- 
sisted mainly  in  the  repetition  and  verification  of  the  earlier  observa- 
tions of  Schoenbein  on  the  ox^^gen-cariwing  power  of  blood.  His 
method  of  carrving  out  Schoenbein’s  blood  test  consisted  in  brushing 
over  the  spot  with  tincture  of  guaiacum  and  then  pouring  on  the 
spot  so  treated  an  ethereal  solution  of  h}nlrogen  peroxide ; a beautiful 
blue  color  showed  itself  at  once.  On  dark  cloth  he  proceeded  in  the 
same  manner,  but  after  adding  the  reagents  he  pressed  down  on  the 
cloth  a sheet  of  white  blotting  paper,  when  each  spot  so  treated 
gave  a blue  impression  on  the  paper.  In  this  way  he  succeeded  in 
obtaining  distinct  tests  for  blood  in  certain  cases  when  the  microscopic 
examination  had  failed. 

The  guaiacum  test  for  blood  was  also  thoroughly  investigated  by 
Ta}dor  (184,  185,  186),  his  attention  having  been  called  to  the  test 
through  the  work  of  Day,  who  had  succeeded  in  detecting  blood  on 
the  clothes  of  a Chinaman  under  circumstances  of  great  difficulty. 
In  the  course  of  his  investigations  Taylor  pointed  out  the  disadvan- 
tages of  oil  of  turpentine  as  a reagent  for  the  test,  and  employed  in 
its  stead  first  ozonized  ether  (a  solution  of  hydrogen  peroxide  in 
ether)  and  later  aqueous  solutions  of  h^nlrogen  peroxide.  In  this 
connection  he  found  that  hydrogen  peroxide  or  a similar  oxidizing 
agent  is  absolutely  essential  to  the  test,  since  the  red  coloring  matter 
of  blood,  whether  dissolved  in  water  or  alcohol,  whether  recent  or  of 
many  years’  standing,  whether  from  bird,  fish,  or  reptile,  does  not 
render  blue  (oxidize)  freshly  precipitated  guaiacum.  In  the  presence 
of  hydrogen  peroxide,  however,  blood  effects  this  change  at  once. 
He  also  called  attention  to  the  great  solubility  of  the  red-blood  color- 
ing matter  as  one  of  its  most  distinguishing  characteristics,  and  to 
the  fact  that  blood  ma}^  be  distinguished  from  rust  spots,  from  red 
dyes  that  have  been  fixed  by  mordants,  and  from  red  paint  and  from 
other  red  animal  colors,  by  its  great  solubility.  He  found  further 
that  blood  so  dilute  as  to  barely  give  a stain  on  white  blotting  paper 
178— Bull.  51—09 2 
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admits  of  detection  by  the  guaiacum  test.  He  was  also  able  to  detect 
it  in  from  1 to  2 dram  portions  of  a solution  containing  1 drop  of 
blood  in  8 ounces  (240  c.  c.)  of  water.  These  small  amounts,  he 
says,  are  far  beyond  recognition  by  the  ordinar}^  chemical  tests. 
He  was  also  able  to  detect  blood  on  a towel  two  years  after  the  spot 
was  produced.  He  observed  further  that  hemin  crystals  also  acquire 
a blue  color  when  treated  with  h3vlrogen  peroxide  and  guaiacum. 

He  also  investigated  the  conduct  of  a large  number  of  substances 
tov’ard  guaiacum  alone  and  toward  guaiacum  containmg  hydrogen 
peroxide.  Among  the  inorganic  substances  which  he  found  to  blue 
guaiacum  directly  are  potassium  manganate  and  permanganate,  lead 
and  manganese  peroxides,  and,  in  the  presence  of  water,  solutions  of 
chlorine,  bromine,  iodine,  h}q3onitrous  acid,  h^^pochlorites,  the  per- 
salts  of  iron,  potassium  ferro-  and  ferri-cy ankles,  and  platinum  black, 
and  among  organic  substances,  gums — such  as  gum  acacia — gl  ten, 
unboiled  milk,  raw  potato,  the  juices  of  many  fresh  roots,  certain 
inks,  and  certain  kinds  of  white  leather.  On  the  other  hand,  starch, 
fibrin,  and  boiled  milk  have  no  effect  upon  it.  He  observed  further 
that  heat  destroys  the  power  of  these  vegetable  substances  to  blue 
guaiacum,  and  that  with  ordinary  fruit  stains,  cochineal,  and  iron  rust, 
guaiacum  gives  no  test.  He  points  out  that  with  some  solutions  of 
hydrogen  peroxide  guaiacum  gives  a blue  color  in  the  absence  of 
blood  and  similar  carriers,  probably  for  the  reason  that  such  solu- 
tions contain  hydroclfioric  acid  containing  traces  of  ferric  salts,  and 
that  certain  old  tinctures  of  guaiacum  give  a blue  color  with  blood 
without  the  addition  of  hydrogen  peroxide.  He  therefore  calls 
attention  to  the  necessity  of  selecting  unoxidized  pieces  of  guaiacum 
from  the  central  portions  of  the  lumps  of  resin  for  medicolegal 
work. 

Finally,  he  calls  attention  to  the  injustice  which  has  been  done 
to  the  Van  Deen  test  by  medicolegal  writers,  some  of  whom  have 
pronounced  the  guaiacum  test  untrustworthy  for  the  reason  that 
other  substances  impart  the  blue  color  to  guaiacum.  He  points  out 
that  while  this  statement  is  true,  it  does  not  conve}^  the  whole  truth; 
and  he  himself  is  of  the  opinion  that  the  use  of  guaiacum  adds  another' 
and  valuable  chemical  test  to  those  hitherto  emplo^^ed  for  the  detec- 
tion of  blood.  It  enables  the  chemist  to  detect  it  with  reasonable 
certainty  when  it  is  present  in  very  small  quantities,  or  to  trace  it  in 
those  cases  in  which  an  attempt  has  been  made  to  remove  it  by 
washmg;  and  when  the  result  of  the  test  is  negative,  it  enables  him 
to  say  that  the  suspected  stain  was  not  caused  by  blood,  a fact  of  con- 
siderable importance  in  medicolegal  inquiries. 

As  may  be  seen  from  the  bibliography  given  at  the  end  of  this 
article,  these  and  similar  reactions  for  blood  have  formed  the  subject 
of  a large  number  of  investigations.  It  is  impossible  to  include 
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abstracts  of  all  of  these  within  the  scope  of  this  article.  In  general 
it  may  be  said  that  these  investigations  have  been  concerned  with 
improvements  in  the  general  technique  of  the  test,  with  the  use  of 
various  chromogenic  substances  in  the  place  of  guaiacum,  with  the 
stud}^  of  the  conduct  of  various  substances  other  than  blood  toward 
such  reagents,  and  with  the  delicacy  of  such  tests.  Finally,  a num- 
ber of  these  communications  are  devoted  in  whole  or  in  part  to  a 
criticism  of  the  guaiacum  reaction  and  similar  tests. 

In  what  follows,  therefore,  an  attempt  has  been  made  to  condense 
and  arrange  this  vast  amount  of  material  under  several  heads:  First, 

nature  and  general  theor}^  of  the  color  tests  for  blood;’’  second, 
‘^Substances  other  than  blood  which  show  the  guaiacum  reaction  and 
similar  tests;”  third,  “Substances  which  do  not  give  the  guaiacum 
reaction  and  similar  tests;”  fourth,  “The  delicacy  of  the  chemical 
tests  for  blood;”  and  fifth,  “The  value  of  the  guaiacum  reaction  and 
similar  tests;”  and  to  give  under  each  topic  considered  all  references 
obtainable  to  the  original  literature  on  the  subject  for  the  benefit  of 
those  seeking  further  information  on  any  of  the  subjects  herein 
})resented. 

THE  NATURE  ANd'gENERAL  THEORY  OF  THE  COLOR  TESTS  FOR 

BLOOD. 

The  guaiacum  test  for  blood  and  all  similar  reactions  depends 
upon  the  oxidation  of  guaiacum  or  some  other  chromogenic  substance 
to  guaiacum  blue  or  some  other  colored  derivative,  by  ozonized  oil 
of  turpentine,  hydrogen  peroxide,  or  some  other  oxidizing  agent  hav- 
ing the  properties  of  a peroxide,  under  the  influence  of  blood,  or  more 
especially  of  the  iron-containing  blood  pigments,  as  oxygen  carriers. 
Among  all  of  the  chromogenic  substances  thus  far  employed  in  test- 
ing for  blood,  guaiacum  has  been  the  most  extensively  used.  No 
fewer  than  107  out  of  the  212  references  to  the  literature  of  blood 
testing  given  at  the  close  of  this  article  have  to  do  with  the  use  of 
guaiacum  in  this  connection. 

Among  the  other  chromogenic  substances  which  have  been  em- 
ployed for  this  purpose  may  be  mentioned  the  following: 

Guaiaconic  acid;  Doebner,  46;  Schaer,  140. 

Aloin;  Buckmaster,  29;  Einhorn,  49;  Heuberger,  69;  Jaworski  and  Korolewicz 
75;  Klunge,  88;  Koziczkowski,  91;  Rossel,  137,  138;  Schaer,  141,  142; 
Zuelger,  212. 

Benzidin:  Adler,  2;  Ascarelli,  7;  Einhorn,  49;  Jaworski  and  Korolewicz,  75; 
Lob  and  Mulzer,  108;  Messerschmidt,  113a;  Schlessinger  and  Holst,  143; 
Schumm,  159,  161,  162,163;  Schumm  and  Westphal,  164;  Utz,  192. 

The  leuco-base  of  malachite  green;  Adler,  2;  Buckmaster,  30;  Czyhlarz  and  Von 
Filrth,  43. 

Phenolphthalin;  Delearde  and  A.  Benoit,  16;  Kaatle  and  Amoss,  80;  Meyer,  114; 
Pozzi-Escot,  128;  Utz,  191. 
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In  addition  to  these,  a large  number  of  aromatic  amines,  mono-, 
di-,  and  tri-acid  phenols  and  aromatic  acids  have  been  studied  by 
Adler  (2). 

Similarly  a considerable  number  of  oxidizing  agents  of  the  general 
t}^e  of  hydrogen  peroxide  have  been  studied  with  regard  to  their 
general  applicability  to  the  Schoenbein-Van  Deen  blood  test.  Cliief 
among  these  are  old  oil  of  tui’]3entine  (the  so-called  ozonized  oil  of 
turpentine)  and  hydrogen  peroxide  itself.  Other  observers  have  em- 
ployed ozonized  ether  and  other  ozonized  ethers  and  oils.  Battelli 
and  Stern  (13)  have  used  ethyl  peroxide,  and  Ladendorf  (96)  has 
recommended  oil  of  eucalyptus  as  preferable  to  oil  of  turpentine. 

In  a private  communication  Dr.  A.  S.  Loevenhart  informs  me  that 
iodoso-benzoic  acid  oxidizes  phenolphthalin  under  the  influence  of 
blood. 

GEXERAL  THEORY  OF  THE  REACTIOX. 

According  to  Schoenbein  (151),  blood  acts  upon  hydrogen  peroxide 
and  other  antozonids  after  the  manner  of  platinum,  in  that  it  converts 
the  antozonid  into  an  ozonid,  or  into  a compound  in  which  the  oxygen 
exists  in  the  active  condition,  viz,  in  the  form  of  ozone,  and  that  the 
ozone  of  the  ozonid.  then  converts  the  guaiacum  into  a similar  ozonid 
compound  wliich  is  blue  in  color.  Schmidt  (144)  even  went  so  far 
as  to  believe  that  he  had  shown  that  blood  itself  contains  ozone,  for 
the  reason  that  it  blues  guaiacum  in  the  absence  of  ozonized  oil  of 
turpentine.  Schuster  (165),  however,  was  unable  to  confirm  Schmidt’s 
observation  that  blood  alone  blues  guaiacum,  and  it  is  now  known 
that  old  tinctures  of  guaiacum,  in  contradistinction  to  the  fresh  tinc- 
tures of  the  resin,  contain  peroxide  compounds,  which,  under  the 
influence  of  oxygen-carriers,  like  blood,  produce  guaiacum  blue. 
Therefore,  in  all  such  cases,  it  is  the  old  guaiacum  and  not  the  blood 
itself  which  supplies  the  oxygen  necessary  for  this  reaction.  Schuster 
(165)  was  also  of  the  opinion  that  the  bluing  of  guaiacum  by  various 
substances  was  perhaps  partly  the  result  of  a mechanical  action, 
since  he  was  able  to  blue  it  by  shaking  together  a mixture  containing 
the  tincture,  turpentine,  and  fine  glass  fragments.  On  the  other 
hand,  he  found  a simple  oil  emulsion  to  be  inactive.  He  was  of  the 
opinion,  therefore,  that  the  reaction  was  not  sufficiently  well  under- 
stood to  justify  the  complete  acceptance  of  Schoenbein’s  theory  of 
the  process. 

It  has  been  held  by  some  observers  that  the  activity  of  blood  as  an 
oxygen  carrier  depends  upon  the  presence  of  an  oxidase  or  peroxidase. 
Thus,  in  their  recent  study  of  the  oxidation  of  phenolphthalin  by 
blood,  Delearde  and  A.  Benoit  (16)  arrived  at  the  conclusion  that 
the  blood  plays  the  part  of  an  indirect  oxidizing  ferment  (peroxidase). 
Buckmaster  (30)  regards  the  oxidation  as  due  to  a pseudo-peroxi- 
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dase,  and,  for  lack  of  a better  term,  Kastle  and  Amoss  (80)  have  used 
the  expression  peroxidase  activity”  of  the  blood  as  descriptive  of 
the  oxidation  of  phenolphthalin  b}^  hydrogen  peroxide  under  the  in- 
fluence of  blood  as  an  oxygen  carrier.  They  were  careful  to  point 
out,  however,  that  in  its  capacity  as  an  oxygen  carrier,  blood  ex- 
hibits certain  important  differences  from  the  true  peroxidases,  among 
which  may  be  mentioned  the  fact  that  it  does  not  lose  its  activity  as 
an  oxygen  carrier  on  boiling,  and  that  it  reacts  in  alkaline  solutions 
of  sufhcient  concentration  to  destroy  many,  if  not  all,  of  the  true 
peroxidases,  and  further,  that  the  activity  was  found  to  be  propor- 
tional to  the  hemoglobin  content. 

Lumiere  and  Chevrotier  (109)  claim  to  have  shown  that  an  aqueous 
extract  of  frozen  and  washed  blood'corpuscles  possesses  the  properties 
of  an  oxidase  to  a remarkable  degree. 

According  to  Carlson  (33)  the  action  of  blood  on  hydrogen  peroxide 
and  guaiacum  is  due  to  some  organic  constituent  of  the  blood. 

It  has  gradually  come  to  be  recognized,  however,  that  the  oxygen- 
carrying power  of  blood  can  not  be  due  entirely  to  the  presence  of 
oxidases  and  peroxidases,  for  the  reason  that  the  oxygen-carrying 
power  persists  after  boiling  and  treatment  with  acids  and  alkalis. 
Indeed,  it  seems  to  persist  as  long  as  the  blood  pigments  are  not  de- 
prived of  their  iron.  Thus,  according  to  Moitessier  (117)  the  so- 
called  peroxidase  reaction  of  the  blood  is  not  really  due  to  a peroxi- 
dase but  to  hemoglobin  and  hematin,  nor  do  the  nonferruginous  blood 
pigments,  such  as  hematoporphyrin,  exliibit  such  reactions.  Czyhlarz 
and  von  Ftirth  (43)  also  arrived  at  the  conclusion  that  the  oxidizing 
reaction  is  due  to  hematin  and  not  to  a peroxidase.  Lesser  (101)  has 
also  observed  that  blood'  gives  the  guaiacum  reaction  after  it  has 
been  boiled,  and  that  the  reaction  is'due  to  the  blood  pigment,  and 
further  that  the  iron-free  derivatives  of  hemoglobin  do  not  give  it. 
Whitney  (203)  also  concludes  that  it  is  the  iron  of  the  hemoglobin 
and  its  iron-containing  derivatives  wliich  are  responsible  for  the 
guaiacum  reaction.  As  alread}^  pointed  out,  the  importance  of  the 
iron  of  the  blood  pigments  in  such  reactions  was  recognized  by 
Schoenbein  and  his  colleague.  Hiss,  according  to  whom  the  oxidizing 
power  of  the  blood  is  proportional  to  its  iron  content. 

Buckmaster  (29)  also  concludes  that  tliis  test  depends  on  some 
part  played  by  the  iron  in  the  hemoglobin  moiecifle.  According  to 
this  author,  however,  the  precise  way  in  wliich  the  iron  acts  is  still 
obscure.  It  can  not  be  due  merely  to  a ferric  salt  ; the  iron  must  act 
while  the  change  is  taking  place.  He  suggests  that  the  moment  the 
iron  is  split  off  from  the  hemoglobin  molecule  it  acts  toward  guaiacum, 
not  as  a carrier  of  oxygen,  but  as  a direct  oxidizing  agent,  causing  the 
oxidation  of  the  guaiacum  to  guaiacum  blue  in  a manner  similar  to 
the  action  of  iodine. 


14 


Tarugi  (183),  on  the  other  hand,  is  of  the  opinion  that  the  reaction 
is  accomplished  by  the  hemoglobin,  and  that  the  sulphur  in  this  com- 
pound is  first  converted  into  Caro’s  acid  by  the  action  of  the  hydrogen 
peroxide  or  ozonized  oil  of  turpentine,  and  that  it  is  this  acid  which 
accomplishes  the  bluing  of  the  guaiacum. 

According  to  Liebermann  (103)  the  peroxide  contained  in  old  oil 
of  turpentine  first  gives  up  its  oxygen  to  the  hemoglobin,  forming  a 
compound  of  hemoglobin  rich  in  oxygen,  probably  a peroxide  of  hem- 
oglobin, and  that  the  oxygen  of  this  compound  is  appropriated  by  the 
guaiacum  with  the  formation  of  guaiacum  blue,  and  that  methemo- 
globin  is  also  a carrier  of  oxygen. 

The  whole  subject  of  induced  oxidations  by  means  of  hydrogen 
peroxide  has  been  extensively  studied  by  Loevenhart  and  Kastle 
(107),  and  in  the  second  part  of  their  article  on  this  subject  the  view 
has  been  advanced  that  irrespective  of  the  composition  of  the  carrier 
the  latter  acts  by  first  combining  with  the  hydrogen  peroxide  to  form 
complex  unstable  holoxide  or  moloxide  derivatives,  which  give  up 
their  oxygen  to  the  reducing  substances  more  easily  than  does  the 
hydrogen  peroxide  itself.  This  theory  of  oxygen-carr^^ing  is  in  har- 
mony with  the  more  recent  work  of  Kastle  (79)  on  the  subject  of  per- 
oxidase accelerators.  According  to  this  hypothesis,  therefore,  the 
function  of  blood  as  an  oxygen  carrier  in  reactions  of  the  Schoenhein- 
Van  Deen  type  could  probably  be  explained  most  simply  and  easily 
on  the  supposition  that  the  iron-containing  blood  pigment  combines 
with  the  peroxide  to  form  a moloxide  derivative,  wliich  in  turn  easily 
gives  up  the  whole  or  a part  of  its  oxygen  to  the  chromogenic  sub- 
stance with  the  production  of  a dye  of  characteristic  color.  Thus  if 
the  carrier  in  blood  be  represented  by  B and  the  chromogenic  sub- 
stance by  Chr,  we  would  have — 

and 

B.H,0,+  (Jhr  = B+ 

or 

2^.H202+  Chr  = B + ClirO^, 

or  to  take  the  specific  case  of  phenolphthalm,  in  which  the  precise 
nature  of  the  oxidation  product,  phenolphthalein,  is  known,  we 
would  have — 

B -f  H2O2  = i?.H202, 

and 

5.H2O2  + C2oHj6^4  = B 2H2O  + C2oH^404. 

This,  of  course,  presupposes  that  the  carrier  is  a perfect  carrier,  and 
that  therefore  it  is  completely  regenerated  at  the  end  of  any  complete 
cycle  of  the  reaction.  If  it  is  not  thus  completely  regenerated  in 
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unaltered  condition,  it  is  probable  that  the  carrier  itself  has  suffered 
complete  and  final  oxidation  hi  greater  or  less  amount  and  that  the 
resulting  oxide  or  oxidation  product  can  no  longer  combine  with  the 
hydrogen  peroxide,  in  which  case  we  would  have — 

25.H2O2 + C20H16O4 = B-(y + 3H2O + C20H14O4. 

SUBSTANCES  OTHER  THAN  BLOOD  WHICH  REACT  WITH  GUAIA- 
CUM  OR  WITH  OTHER  CHROMOGENIC  SUBSTANCES  EMPLOYED 
IN '.HEMATOLOGIC  INVESTIGATIONS,  EITHER  ALONE  OR  WITH 
HYDROGEN  PEROXIDE. 

The  chief  objection  which  has  been  urged  against  the  guaiacum 
test  for  blood  and  all  tests  of  a similar  character  is  that  these  reac- 
tions are  given  by  a large  number  of  substances  other  than  blood. 
Various  observers  working  m this  field  have  found  the  following  sub- 
stances to  give  the  guaiacum  or  similar  reactions  (the  numbers  refer 
to  the  bibliography  at  the  end  of  this  article) : 

All  oxidizing  agents,  10. 

The  halogens,  170. 

Chlorine,  10,  24,  37,  124,  139,  147,  184. 

Bromine,  37,  124,  139,  147, 184. 

Iodine,  90,  124,  147,  184. 

Ozone,  24,  90,  139,  146,  147,  170. 

Ozonized  air,  25,  146. 

Hydrogen  peroxide,  76,  170,  184. 

Ammonia,  37. 

Finely  diwded  metals,  especially  the  noble  metals,  170. 

Copper,  164. 

Iron,  164. 

Platinum  black,  10,  141,  146,  147,  149,  164,  184. 

Steel,  203. 

Compounds  of  certain  hea^y  metals: 

Cobalt  salts,  128. 

Cobalt  chloride,  137,  169. 

Chromium  salts.  111,  170. 

Chromic  acid,  24,  137,  139,  161. 

Potassium  chromate,  24,  73,  147. 

Copper  sulfate  and  other  copper  compounds,  3,  7,  50,  73,  129,  137,  139,  147,  165, 
170,  171,  197,  203. 

Copper  nitroprusside,  137. 

Fehling’s  solution,  10,  161. 

Gold  salts,  203. 

Gold  chloride,  137. 

Iron  salts,  2,  21,  37,  76,  III,  128,  139,  165,  169,  170,  171,  184,  193,  197,  201,  203. 
Ferrous  sulfate,  4,  155,  165. 

Ferrous  sulfide,  165. 

Ferrous  chloride,  147,  165. 

Feme  chloride,  10,  24,  76,  105,  156,  161,  165. 

Ferric  citrate,  105. 

Ferric  hydroxide,  73. 

Ferric  lactate,  165. 
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Compounds  of  certain  heav^’  metals — Continued. 

Iron  salts — Continued. 

Iron  alum,  73, 

Basic  sulfate  of  iron,  73. 

Iron  stains,  45. 

Rust  spots,  76. 

Potassium  ferricyanide,  77,  124,  137,  147. 

Iron  peroxide,  10, 

Manganese  salts,  3,  128,  169,  203. 

Manganous  oxide,  73. 

Manganous  chloride,  137. 

Manganese  peroxide,  10,  73,  147,  184. 

Potassium  permanaganate,  7,  10,  24,  37,  73,  124,  147,  165,  181,  184. 

Lead  salts,  128,  169. 

Lead  acetate,  137. 

Lead  peroxide,  147,  170,  184. 

Platinum  salts,  203. 

Tungstic  acid  and  potassium  tungstate,  137. 

Mercuric  chloride,  10,  37,  147. 

Silver  nitrate,  165. 

Silver  oxide,  147. 

Silver  acetate,  147. 

Miscellaneous  inorganic  substances: 

Acid  anhydrides,  183. 

Barium  carbonate  (and  hydrochloric  acid),  137. 

Hypochlorous  acid,  139,  and  hypochlorites,  10,  170,  184. 

Xitric  acid,  124,  170. 

Nitrous  acid,  24,  124,  126,  139,  161,  170,  184. 

Potassium  antimoniate,  137. 

Potassium  chlorate,  170. 

Potassium  nitrate,  137. 

Potassium  nitrite,  137. 

Potassium  bromide,  165. 

Potassium  iodide,  164,  165. 

Sodium  chloride,  157,  165  (even  sodium  chloride  has  been  found  to  give  the 
guaiacum  reaction  in  the  presence  of  hydrogen  peroxide). 

Sodium  sulfocyanide,  2,  156,  183,  200. 

Sodium  bromide,  165. 

Substances  of  animal  origin: 

Animal  ferments,  139. 

Ash  of  blood,  128. 

Blood  of  invertebrates,  12,  170. 

Gelatin,  76,  124. 

Milk,  10,  37,  76,  81,  82,  164,  184. 

Casein,  73,  105. 

Organic  secretions,  128,  and  excretions. 

^ Bile,  10,  164. 

Feces  (after  diet  of  raw  or  cooked  meats  or  foods  containing  blood),  49,  91,  171. 
Intestinal  detritus  and  secretions,  164. 

Xasal  mucus,  5,  10,  100,  164. 

Pus,  10,  37,  86,  114,  128,  164,  191,  192,  196. 

Saliva,  5,  10,  37,  100,  106,  128,  164,  165. 

Secretions  containing  leucocytes,  191. 

Red  flesh,  73. 
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Substances  of  animal  origin — Continued. 

Albumin,  124,183. 

Peptone,  124. 

Mucus,  37. 

Sweat,  10,  49. 

Substances  of  vegetable  origin: 

Asparagus,  36. 

Beans,  164,  165. 

Bean  flour,  183. 

Burdock,  10. 

(Camellias,  165. 

Carrots,  10,  73. 

Cherry  juice,  10. 

Chicory,  10. 

Currants,  10. 

Dandelion,  10. 

Extract  of  malt,  24,  128,  152. 

Fennel,  165. 

Flour,  10,  36,  164,  165,  182,  183. 

Fungi,  4,  10,  36. 

Gluten,  10,  37,  73,  105,  182,  184. 

Gum  arabic  (acacia),  17,  37,  105,  106,  130,  131,  164,  165,  184. 
Gum  of  the  sensitive  plant  (Mimosa),  24,  28. 

Horse  radish,  10,  11,  76. 

Leaves  (fresh  foliage),  164. 

Acanthus,  oleander,  and  phylodendron,  73. 

Meal,  36,  73,  183. 

Oats,  milled,  164. 

Onion,  10. 

Oxidases,  25,  139,  164,  165,  183. 

Peas,  164,  165. 

Phytolacca  decandra,  141. 

Plant  extracts,  128. 

Potatoes,  10,  36,  73,  148,  164,  165,  184. 

Pressed  yeast,  164. 

Raspberry  juice,  fresh,  4. 

Roots,  various,  76,  105,  126,  184. 

SoiTel,  10. 

Tomatoes,  63. 

Vegetable  substances,  170. 

Walnuts,  fresh,  164. 

Miscellaneous  organic  substances: 

Acid  anhydrides,  183. 

Alcohol,  25. 

Amyl  nitrite,  124. 

Aniline,  37. 

Animal  charcoal,  25,  164. 

Benzene,  25. 

Ether,  25. 

Indigo  white,  195,  201. 

Many  aldehydes,  183. 

Nitrous  ether,  10. 

178— Bull.  51—09 3 
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Various  miscellaneous  substances: 

Certain  medicinal  preparations,  201. 

Certain  phosphorizing  substances,  25. 

Flannel,  73,  203. 

Ink  stains,  45,  184. 

Leather,  10,  203. 

Tanned  sheep  leather,  45,  73,  184. 

Papers : 

Certain  kinds  of,  25. 

Filter  papers,  203. 

Glazed  papers  containing  alum,  76. 

Soap,  37. 

SUBSTANCES  WHICH  DO  NOT  REACT  WITH  GUAIACUM  OR  WITH 
THE  OTHER  CHROMOGENIC  SUBSTANCES  EMPLOYED  IN  HEMA- 
TOLOGIC INVESTIGATIONS  EITHER  ALONE  OR  WITH  HYDRO- 
GEN PEROXIDE. 

In  the  course  of  these  investigations  a number  of  substances  have 
been  found  by  various  observers  which  do  not  show  the  guaiacum  or 
similar  reactions.  These  are  as  follows  (the  numbers  refer  to  the 
bibliography  at  the  end  of  this  article) : 

Metallic  compounds: 

Alumina,  old  and  fresh,  73. 

Bismuth  salts,  73. 

Chromium  chloride,  73. 

Cobalt  salts,  73. 

Cuprous  chloride,  73. 

Iron — 

Bog  iron,  73. 

Ferrous  oxide,  73. 

Ferric  hydroxide,  heated,  73. 

Hematite,  73. 

Rust,  7,  73,  110,  184. 

Traces  of  iron,  192. 

Lead  salts,  73. 

Manganese  sulfate  and  carbonate,  73. 

Mercuric  chloride  and  nitrate,  73. 

ATckel  salts,  73. 

Palladium  chloride,  73. 

Platinum  chloride,  73. 

Zinc  chloride,  73. 

Substances  of  animal  origin: 

Albumin,  25,  73,  105. 

Bile,  73,  105. 

Coloring  matter  of  bile,  203. 

Bilirubin,  29,  165. 

Blood  serum,  73,  105,  165. 

Cochineal,  59,  73,  184. 

Clear  exudate  of  ascites,  165. 

Fibrin,  73,  184. 

Gelatin,  25. 

Hematoidin,  29. 
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Substances  of  animal  origin — Continued. 

Hematoporphyrin,  29,  117,  203. 

Hydrocele  fluid,  165. 

Milk,  7,  73. 

Boiled  milk,  184. 

Casein,  73. 

Mucus,  110. 

Nuclein,  165. 

Pus,  7,  73. 

Saliva,  25,  110. 

Spermatic  fluid,  7,  73. 

Sputum,  7,  73. 

Urine,  fresh  and  putrid,  7,  73,  105. 

Coloring  matter  of  urine,  203. 

\Yhite  flesh  of  fish  and  amphibia,  73. 

Substances  of  vegetable  origin: 

Chlorophyll,  29,  170. 

Coloring  matters — 

Brazil  wood,  73. 

Campeachy  wood,  59,  73. 

Catechu,  59. 

Cherries,  73.  • . ’ 

Fernambuc  wood,  73. 

Madder,  59,  73. 

Red  beet,  73. 

Santal  wood,  73. 

Whortleberries,  73. 

Fruit  stains,  184. 

Glucose,  165. 

Juice  of — 

Blackberry,  59. 

Cherry,  73,  105. 

Currant,  59. 

Grape,  59. 

Mulberry,  59. 

Tomato,  59. 

Leaves  of  many  different  plants,  73. 

Starch,  165,  184. 

Miscellaneous  substances: 

Aniline  red,  73  (for  other  coloring  matters,  see  above  section). 

Fabrics,  as  follows — 

Linen,  105. 

Shirting,  105. 

Undyed  wool,  105. 

Wadding,  105. 

67  common  drugs,  in  feces,  201. 

DELICACY  OF  THE  CHEMICAL  TESTS  FOR  BLOOD. 

One  of  the  principal  advantages  of  the  peroxide  color  tests  for  blood 
is  their  delicacy.  Obviously  this  varies  with  the  nature  of  the  ©hromo- 
genic  substance  employed  and  with  the  coloring  power  and  stability  of 
the  colored  product  resulting  from  its  oxidation.  It  may  also  depend 
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upon  the  nature  of  the  oxidizing  substance  employed,  and  certainly 
to  a great  extent  on  the  general  technique  of  the  operation  and  the 
skill  and  experience  of  the  operator.  In  the  following  paragraphs  I 
have  summed  up  the  principal  facts  concerning  the  delicacy  of  the 
chemical  tests  for  blood  with  each  of  the  several  chromogenic  sub-* 
stances  which  have  been  most  extensively  employed  for  this  purpose. 

GUAIACUM. 

Aschern  (8)  was  able  to  recognize  1 part  of  blood  to  2,000;  Adler 
(2),  1 part  to  5,000;  Bullard  (31),  1 drop  of  blood  in  6 ounces  of  water; 
Fahrner  (52),  1 c.  c.  of  blood  to  20  c.  c.  of  water;  Huhnefeld  (73),  1 
part  of  blood  to  6,000.  According  to  this  last-named  author,  the 
blood  of  even  a flea  spot  which  is  very  old  can  be  recognized,  and  he 
was  also  able  to  prove  the  presence  of  hemoglobin  in  the  3-day-old 
embryo  of  the  chick  by  means  of  his  method  of  carrying  out  the  guaia- 
cum  test.  Breteau  (25)  observed  that  a solution  of  hemoglobin  in 
tartaric  acid  so  dilute  as  to  be  entirely  colorless  gave  a blue  color  with 
guaiacum  and  old  oil  of  turpentine,  even  after  boiling;  and  Liman 
(105)  was  able  to  detect  blood  at  a dilution  of  1 to  40,000  by  means  of 
guaiacum.  Schaer  (140)  describes  the  guaiacum  test  as  remarkably 
delicate,  and  according  to  Siefert  (170)  a few  milligrams  of  blood  are 
sufficient  for  the  test.  Bertolet  (18)  has  adapted  the  guaiacum  test 
to  the  microscopic  examination  for  blood,  and  Schuster  (165)  cites 
Vitali  to  the  effect  that  blood  gives  the  guaiacum  test  at  the  extraor- 
dinary dilution  of  1 part  to  100,000  million;  this,  if  true,  refers  prob- 
ably to  a microscopic  modification  of  the  test.  Schumm  (161)  was 
able  to  recognize  blood  by  means  of  the  guaiacum  test  at  a dilution  of 
1 to  40,000  to  100,000,  and  in  urine,  1 part  of  blood  in  20,000  to  40,000 
parts  of  urine. 

Clement  (37)  was  able  to  detect  1 drop  of  blood  in  100  grams  of 
water  by  means  of  guaiacum.  Babcock  (10)  found  the  sensitiveness  of 
the  guaiacum  reaction  to  be  about  1 part  of  blood  to  4,000.  Jaworski 
and  Korolewicz  (75)  detected  1 part  of  blood  in  25,000  in  feces,  but 
failed  to  find  it  at  a dilution  of  1 to  100,000.  Friedmann  (58)  de- 
tected 1 drop  of  blood  in  100  c.  c.  of  urine  and  1 drop  of  blood  in  500 
c.  c.  of  gastric  contents ; he  detected  2 drops  of  blood  in  50  grams  of 
feces  and  100  c.  c.  of  water  by  filtering  and  testing  the  filtrate.  In 
uncooked  milk  he  detected  1 drop  of  blood  in  430  c.  c.,  and  in  cooked 
milk  2 drops  in  100  c.  c. ; in  pleuritic  exudates,  3 drops  of  blood  in 
100  c.  c.  According  to  Fraenkel  (57)  2.5  to  3 percent  of  blood  in 
feces  can  be  recognized  by  Weber’s  test.  He  also  obtained  distinct 
reactions  with  blood  at  a dilution  of  1 to  100,000. 
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ALOm. 

According  to  Buckmaster  (29)  aloin  is  less  sensitive  thanguaiacum, 
but  more  stable.  Schaer  (141)  has  also  found  that  the  color  pro- 
duced with  alom  is  more  stable  than  that  obtained  with  guaiacum. 

BENZIDIN. 

According  to  Utz  (192)  benzidin  is  sharper  than  guaiacum,  and 
Schumm  (163,  164)  describes  benzidin  as  a delicate  reagent.  Adler 
(2)  ’Sicas  able  to  detect  blood  at  a dilution  of  1 to  100,000  by  means  of 
benzidm,  and  Schumm  (159)  at  a dilution  of  1 to  200,000.  I have 
also  found  benzidin  to  have  nearly  the  same  delicacy  as  phenol- 
phthalin,  especially  as  practically  applied  to  the  examination  of  ani- 
mal fluids  for  blood,  the  difference  between  the  two  reagents  being 
that  phenolphthalin  3flelds  a more  stable  and  permanent  color 
(phenolphthalein)  than  benzidin.  This  has  certain  advantages. 

Ascarelli  (7)  gives  the  delicac}^  of  benzidin  as  a reagent  for  blood 
as  1 to  300,000,  or  in  practice  1 to  250,000,  and  with  benzidin  paper, 

1 part  to  80,000;  at  a dilution  of  1 to  120,000  the  paper  failed  to  give 
the  test. 

According  to  Schumm  (163)  the  delicac}^  of  the  benzidin  test  for 
blood  depends  on  the  purity  of  the  reagent.  With  14  of  Merck’s 
preparations  the  limit  of  the  reaction  was  about  1 part  of  blood  to 
200,000,  and  with  two  others  about  1 part  to  50,000.  Mhth  two  of 
Kahlbaum’s  preparations  the  limit  of  the  reaction  was  about  1 part 
to  2,000,000  and  with  others  about  1 part  to  50,000. 

THE  LEUCO-BASE  OF  MALACHITE  GKEEN. 

Adler  (2)  found  this  chromogenic  substance  to  have  about  the 
same  delicacy"  as  benzidin,  viz,  1 part  of  blood  to  100,000.  Cz^dilarz 
and  Von  Fiirth  (43)  also  speak  of  it  in  the  highest  terms  as  a reagent 
for  measuring  the  ox^^gen-carrAflng  power  of  blood. 

PHEXOLPHTHALIX. 

Utz  (191)  regards  phenolphthalin  as  a more  delicate  and  useful 
reagent  than  either  guaiacum  or  aloin,  and  found  that  blood  spots 

2 square  millimeters  in  area  gave  the  reaction  rapidU  and  with  cer- 
tainty. Delearde  and  A.  Benoit  (16)  found  phenolphthalin  to  be 
more  sensitive  than  guaiacum,  and  by  means  of  it  were  able  to  detect 
blood  at  a dilution  of  1 to  1,000,000.  I have  found  it  possible  to 
recognize  blood  at  a dilution  of  1 part  to  80,000,000  hj  means  of 
phenolphthalin.  (See  page  30.) 
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THE  VALUE  OF  THE  GUAIACUM  TEST  AND  SIMILAR  REACTIONS. 

It  is  evident  from  the  foregoing  that  a considerable  number  of 
substances  other  than  blood  show  the  guaiacum  reaction,  or  similar 
reactions  with  other  cbromogenic  substances,  either  alone  or  in  the 
presence  of  a peroxide.  That  such  is  the  case  has  given  rise  to  the 
most  vddely  differing  opinions  as  to  the  general  utility  of  these  tests 
in  hematologic  work  and  in  forensic  investigations.  Thus,  according 
to  Alsberg  (3)  the  guaiacum  test  for  blood  is  unsatisfactory.  Accord- 
ing to  Bell  (15)  the  test  is  beautiful,  but  can  not  be  relied  on  as  posi- 
tive proof  of  the  presence  of  blood,  and  according  to  Breteau  (25) 
the  van  Deen  reaction  should  be  handled  with  great  circumspection. 
Woods  (206)  is  of  the  opinion  that  the  chief  value  of  the  guaiacum 
reaction  is  as  a preliminary  test,  and  Whitney  (203)  holds  that  the  prin- 
cipal value  of  the  guaiacum  and  aloin  tests  for  blood  is  that  if  a speci- 
men under  examination  gives  no  reaction  with  these  substances  then 
blood  is  absent.  In  other  words,  the  principal  value  of  such  tests 
lies  m the  negative  findings.  On  the  other  hand,  according  to 
Buckmaster  (29),  the  guaiacum  test,  when  properly  carried  out  on 
boiled  solutions,  is  a delicate  reaction  for  blood,  and  according  to 
Florence  (54)  also,  it  is  a valuable  reaction.  Hemphill  (67)  also 
regards  it  as  the  most  elegant  and  delicate  of  the  chemical  tests  for 
blood.  According  to  Jenne  (76)  the  guaiacum  and  hematin  tests  are 
the  most  simple  and  generally  employed.  He  calls  attention  to 
the  well-known  fallacies  of  the  reaction,  and  recommends  the  proper 
control  of  the  reaction  by  testing  all  of  the  reagents  employed,  and 
states  that  when  these  fallacies  have  been  eliminated  and  the  test 
cautiously  apphed  and  a blue  color  obtained  the  stain  certainly  con- 
tams  blood.  Fahrner  (52)  regards  the  test  as  specific  for  blood  m 
spite  of  all  objections  which  have  been  urged  against  it,  and  that  so 
far  as  its  practical  signihcance  is  concerned,  excluding  certain  possible 
errors,  fresh  tincture  of  guaiacum  with  old  oil  of  turpentine  is  a re- 
agent for  blood.  Accorchng  to  Weber  (201)  van  Deen’s  reaction  as 
applied  to  the  acetic  acid-ether  extract  of  feces  is  a test  of  delicacy 
and  reliability,  and  according  to  Schumm  (160)  with  certam  precau- 
tions the  test  is  applicable  to  blood  and  is  trustworthy.  Maille, 
Mayet,  Lefort,  and  Cornil  (116)  have  arrived  at  the  conclusion  that 
the  guaiacum  test  is  always  useful,  especially  if  the  findings  are  nega- 
tive, and  according  to  Palleske  (123)  if  the  guaiacum  test  fails  it  is 
absolutely  certain  that  no  blood  can  be  present,  whereas  if  it  gives  a 
positive  result  it  indicates  that  blood  is  probably  present,  but  the 
test  must'  be  confirmed.  Siefert  (170)  is  of  the  opinion  that  the 
guaiacum  test  enables  one  to  arrive  at  a more  than  approximate 
conclusion,  a negative  result  certainly  indicating  the  absence  of 
blood,  and  in  case  the  substance  under  examination  yields  a blue 
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color  with  guaiacum,  and  iron  and  copper  can  be  excluded,  the  proba- 
bilities are  that  it  is  blood.  According  to  Klein  (87)  the  guaiacum 
test  is  of  great  value,  especially  when  it  leads  to  a negative  result. 
Liman  (105)  is  also  of  the  opinion  that  when  a substance  under  exami- 
nation gives  a negative  result  with  the  van  Deen  test,  it  is  not  blood, 
but  that  a positive  result  does  not  prove  the  presence  of  blood  without 
further  investigation.  Mecke  and  Wimmer  (113)  are  also  of  the 
same  opinion  as  Liman  regarding  the  significance  of  this  test.  Marx 
(111)  also  calls  attention  to  the  negative  aspect  of  the  van  Deen  test 
as  b^ing  the  most  valuable.  According  to  Schaer  (140)  the  guaiacum 
test  is  chiefly  valuable  as  a control  on  the  hematin  test  and  as  a con- 
trol in  the  recognition  of  hemin  crystals.  Schwartz  (167)  agrees  with 
Liman  that  if  the  result  of  the  van  Deen  test  is  negative  blood  is 
absent,  but  that  a positive  result  does  not  necessarily  mean  that 
blood  is  present.  According  to  Foulis  (56)  the  guaiacum  test  alone 
is  not  sufficient  to  prove  the  presence  of  blood  in  urine,  but  is  useful 
if  applied  with  other  confirmatory  tests.  By  others  (4)  it  is  looked 
upon  as  confirmative  of  the  spectroscopic  and  hemin  tests.  Aschern 
(8)  is  of  the  opinion  that  the  guaiacum  test  as  applied  to  the  exami- 
nation of  urine  (Alme’n)  is  more  delicate  than  the  method  of  Bird  (20) 
or  of  Struve  (175);  when  the  test  is  positive  it  should  be  confirmed 
with  the  microscope.  According  to  Fluhnefeld  (73)  one  can  con- 
clude with  certainty  that  if  a spot  or  substance  under  examination 
does  not  show  these  color  reactions  it  is  not  blood;  a positive  result, 
however,  does  not  necessarily  show  blood,  as  a number  of  substances 
can  give  such  a reaction.  This  author  describes  methods  whereby 
such  confusing  substances  can  be  gotten  rid  of.  Schuster  (165)  has 
arrived  at  the  conclusion  that  the  chief  distinguishing  criterion  for 
blood  lies  in  the  fact  that  the  ox}"gen  carrier  present  in  blood  is  not 
destroyed  by  boiling.  Siegel  (171),  from  the  results  of  his  exhaustive 
studies  on  the  detection  of  blood  coloring  matter  in  feces,  concludes 
that  if  one  obtains  a negative  guaiacum  or  benzidin  test,  it  indicates 
that  the  substance  contains  no  blood  or  at  least  only  minimal  traces; 
if  the  guaiacum  test  on  feces  is  positive,  it  indicates  the  presence  of 
blood  originating  in  the  organism,  or  at  least  very  probably  so, 
especially  if  meats  and  foodstuffs  containing  blood  have  been  excluded 
from  the  diet,  and  provided  further  that  the  test  has  been  carried 
out  in  an  absolutely  clean  reagent  glass.  McNamara  (110)  says  that 
the  guaiacum  test  is  not  positive  for  blood,  but  is  valuable  if  applied 
with  other  tests.  According  to  Schumm  (163)  the  benzidin  test  is 
of  considerable  practical  significance.  Lefort  (100)  comes  to  the 
conclusion  that  the  guaiacum  reaction  is  valuable  if  used  with  other 
corroborative  tests.  According  to  Babcock  (10)  the  guaiacum  reac- 
tion certainly  indicates  the  absence  of  blood  when  negative,  and  that 
under  the  conditions  which  he  enumerates  it  is  reliable  and  certain. 
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Curtman  (42)  states  that  the  guaiacum  test  is  not  sure  for  the  presence 
of  blood  if  positive,  but  that  it  is  a favorite  test  with  many  authors. 
Gallaher  (59)  says  that  the  guaiacum  test  is  the  best  and  surest,  and 
that  when  the  test  is  applied  as  directed  and  a blue  color  instantly 
obtained,  the  existence  of  blood  in  the  liquid  is  demonstrated  beyond 
a doubt.  Ascarelli  (7)  finds  the  benzidin  test  to  be  more  useful  and 
sensitive  than  the  guaiacum  test.  A negative  test  certainly  means 
the  absence  of  blood  and  even  a positive  test  can  be  looked  upon  as 
undoubted  evidence  of  the  presence  of  blood.  Einhorn  (49)  says 
finally : 

I do  not  hesitate  to  recommend  benzidin  paper  as  a useful  method  for  the  detection 
of  blood  in  stomach  contents,  urine,  and  feces. 

Delearde  and  A.  Benoit  (16)  regard  phenolphthalin  as  a very  delicate 
reagent  for  blood;  on  the  other  hand,  Pozzi-Escot  (128)  regards  it  as 
altogether  untrustworthy  for  the  reason  that  similar  reactions  are 
obtained  with  a large  number  of  substances. 

The  general  consensus  of  opinion  among  those  who  have  given  this 
subject  their  attention  would  seem  to  be,  therefore,  that  the  guaiacum 
test  for  blood  and  similar  color  reactions  are  valuable  especially  if 
they  lead  to  negative  results,  as  proving  beyond  the  peradventure  of 
a doubt  that  blood  is  absent.  On  the  other  hand,  if  a positive  test 
is  obtained,  care  should  be  taken  to  exclude  oxidases  or  peroxidases 
by  boiling,  and  the  salts  of  the  heavy  metals  and  other  oxidizing 
agents  b}^  chemical  methods,  and,  if  possible,  to  subject  the  material 
under  investigation  to  confirmative  tests  for  blood  before  finally 
concluding  that  blood  is  present. 

PHENOLPHTHALIN  AS  A REAGENT  FOR  BLOOD. 

Phenolphthalin,  or  dioxy-triphenylmethane  carbonic  acid,  is  the 
leuco-compound  of  phenolphthalein,  and  on  oxidation  it  is  converted 
into  the  latter  compound  in  the  sense  of  the  equation,  C2oHi604  + 0 = 
C20H14O4  + H2O.  Pure  phenolphthalin  itself  is  colorless  in  alkaline 
solutions,  but  on  adding  alkali  to  the  substance  after  oxidation,  or 
if  it  be  oxidized  in  the  presence  of  alkali,  there  results  the  deep  pur- 
ple-red coloration  characteristic  of  phenolphthalein  in  alkali. 

Several  years  ago  Kastle  and  Shedd  (83)  showed  that  a neutral 
solution  of  the  sodium  salt  of  phenolphthalin  can  be  employed  as  a 
reagent  for  the  oxidases.  In  1903,  Meyer  (114)  employed  phenol- 
phthalin as  a reagent  for  the  leucocytes.  By  means  of  this  reagent 
he  was  able  to  determine  not  only  the  extent  of  the  leucocytosis  in 
certain  pathological  conditions,  but  also  the  character  of  the  leu- 
cemia,  and  he  proposed  to  employ  it,  instead  of  the  leucocyte  count, 
in  arriving  at  the  number  of  leucocytes  in  the  blood.  In  the  same 
yearUtz  (191)  recommended  a solution  of  phenolphthalin  in  sodium 
carbonate  as  a reagent  for  blood  in  forensic  investigations,  and 
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pointed  out  certain  advantages  which  phenolphthalin  possesses  over 
guaiaciim  (van  Deen’s  test)  and  aloin  (Rossel’s  test).  In  1906, 
Kastle  and  Amoss  (80)  employed  an  alkaline  solution  of  phenol- 
phthalin in  measuring  the  oxidizing  power  of  the  blood  in  health 
and  disease.  They  showed  that  both  the  oxidizing  power  of  the 
blood  and  its  peroxidase  activity,^ viz.  its  power  to  induce  the  oxi- 
dation of  phenolphthalin  by  hvdrogen  peroxide  in  alkaline  solution, 
were  directly  proportional  to  its  hemoglobin  content.  In  1908, 
DeMarde  and  A.  Benoit  (16)  have  also  recommended  an  alkaline 
solution  of  phenolphthalin  in  conjunction  with  hydrogen  peroxide 
as  a reagent  for  blood,  and  have  found  it  to  be  more  sensitive  than 
guaiacum  or  aloin.  Still  more  recently,  Pozzi-Escot  (128)  has  made 
a few  observations  on  the  use  of  phenolphthalin  as  a reagent  for 
blood.  Pie  criticises  the  work  of  Delearde  and  A.  Benoit  (16)  se- 
verehy  and  seems  inclined  to  attach  no  particular  value  to  the 
reagent  as  a test  for  blood  for  the  reason  that  other  substances,  such 
as  extract  of  malt,  saliva,  pus,  etc.,  and  a great  num_ber  of  the  salts 
of  the  heavy  metals,  such  as  those  of  cobalt,  manganese,  iron,  and 
lead,  can  accomplish  the  oxidation  of  phenolphthalin  in  the  presence 
of  hydrogen  peroxide. 

In  attempting  to  repeat  some  of  our  earlier  observations,  consid- 
erable difficulty  was  experienced  in  the  preparation  of  the  peroxidase 
reagent,  viz,  an  alkaline  solution  of  phenolphthalin  containing  hydro- 
gen peroxide.  Similar  difficulties  have  been  experienced  by  other 
observers.  (See  Czyhlarz  and  von  Fiirth,  43.)  It  was  therefore 
deemed  expedient  to  make  further  studies  along  this  line  with  the 
view  of  determining  more  exactly  the  most  suitable  means  of  pre- 
paring the  reagent,  and  also  with  the  view  of  determining  more  care- 
fully than  had  hitherto  been  done  the  delicac}^  of  the  reagent  and 
its  applicability  as  a test  for  blood. 

PREPARATIOX  AND  STABILITY  OF  THE  REAGENTS. 

In  order  to  prepare  phenolphthalin,  phenolphthalein  is  dissolved 
in  a considerable  excess  of  30  per  cent  sodium  hjffiroxide  solution 
and  boiled  with  an  excess  of  zinc  dust  until  a few  drops  of  the 
strongffi  alkaline  liquid  no  longer  give  the  color  of  phenolphthalein 
after  neutralization  with  hydrochloric  acid  and  the  addition  of 
sufficient  alkali  to  give  a slightly  alkaline  reaction.  The  solution 
is  then  decanted  from  the  excess  of  zinc  dust  and  the  phenolphthalin 
precipitated  by  acidifying  with  hydrochloric  acid.  The  substance 
is  then  collected  on  a filter  and  purified  by  several  crystallizations 
from  water  and  alcohol  in  the  following  manner:  The  phenolphthalin 
is  dissolved  in  the  smallest  quantity  of  boiling  alcohol  in  which  it 
will  dissolve,  filtered  if  necessary,  and  cold  water  gradually  added 
with  constant  stirring  until  the  compound  is  precipitated  out  as  a 
178— Bull.  51—09 4 
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white  crystalline  precipitate.  From  three  to  five  crystallizations 
are  carried  out  in  precisely  this  manner,  and  in  this  way  the  phenol- 
phthalin  is  finally  obtained  in  the  form  of  a white  crystalline  com- 
pound entirely  free  from  all  traces  of  phenolphthalein.  It  may 
then  be  dried  in  the  air  at  ordinary  temperature  or  on  the  hot  plate 
or  in  the  oven  at  temperatures  ranging  from  50°  to  80°  C.  In  han- 
dling and  drying  the  compound  it  is  necessary  to  keep  it  out  of  con- 
tact with  all  metallic  surfaces  and  also  to  prevent  access  of  dust  and 
impurities  from  the  laboratory.  When  first  prepared,  the  com- 
pound is  perfectly  white.  It  dissolves  in  alkali  to  form  solutions 
which  are  perfectly  colorless  and  which  remain  colorless  for  some 
time  even  after  the  addition  of  small  amounts  of  hydrogen  peroxide. 
When  preserved  in  glass-stoppered  bottles,  however,  or  even  in 
sealed  tubes,  for  some  time,  phenolphthalin  gradually  acquires  a slight 
yellowish-pink  color,  and  on  dissolving  in  alkali,  such  specimens  show 
the  characteristic  color  of  phenolphthalein  in  alkali,  in  greater  or 
less  intensity,  depending  on  the  extent  of  the  oxidation  of  the  com- 
pound by  atmospheric  air.  If  preserved  in  a glass-stoppered  bottle 
in  a dark  closet  the  compound  may  be  kept  in  good  condition  for  a 
month  or  even  longer;  indeed  I have  prepared  satisfactory  reagents 
for  blood  testing  from  specimens  of  phenolphthalin  which  had  been 
preserved  in  the  dark  in  cork-stoppered  specimen  tubes  for  nine 
months.  Such  reagents,  however,  were  never  entirely  colorless, 
although  the}^  were  not  sufficiently  colored  to  interfere  with  their 
use  in  hematologic  work.  One  of  the  great  advantages  of  phenol- 
phthalin in  all  work  of  this  kind  is  that  we  know  we  are  dealing  with 
a perfectly  definite  compound  the  purity  of  which  can  be  deter- 
mined very  simply  and  easily  whenever  desired,  and  which  on  oxi- 
dation passes  into  another  equally  definite  compound  the  smallest 
amount  of  which  can  be  readil}^  detected  by  means  of  alkali,  and 
which  may  be  determined  very  accurately  by  colorimetric  methods. 

(1)  Alkaline  j^henolphthalin. — This  reagent  is  prepared  by  dissolv- 
ing 0.032  gram  of  phenolphthalin  in  21  c.  c.  of  N/10  sodium  hydrox- 
ide and  adding  sufficient  water  to  make  up  the  volume  of  the  solu- 
tion to  100  c.  c.  This  reagent  may  also  be  prepared  by  bringing 
together  1 c.  c.  of  N/10  sodium  hydroxide  with  somewhat  more 
phenolphthalin  than  will  dissolve  in  this  quantity  of  alkali,  diluting 
with  10  to  20  c.  c.  of  water,  filtering,  and  adding  to  the  filtrate  20  c.  c. 
of  N/10  sodium  hydroxide  and  sufficient  water  to  make  up  to  100 
c.  c.  Since  phenolphthalin  itself  is  practically  insoluble  in  water 
and  since  1 c.  c.  of  N/10  sodium  hydroxide  exactly  neutralizes  0.032 
gram  of  the  compound,  we  obtain  a solution  by  the  latter  mode  of 
procedure  of  the  same  concentration  as  that  prepared  by  the  first 
method,  no  weighing  being  required. 
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When  first  prepared,  the  alkaline  solution  of  phenolphthalin  is 
perfectly  colorless.  On  long  standing,  however,  it  gradually  acquires 
a faint  color,  due  to  the  oxidation  of  traces  of  the  compound  by 
atmospheric  air.  In  no  case,  however,  has  this  color  proven  of 
sufficient  intensity  to  interfere  with  the  use  of  the  reagent  in  testing 
for  blood,  and  if  much  work  of  thia  kind  has  to  be  done  the  solution 
would  be  used  up  long  before  it  became  unfit  for  use  on  account  of 
this  change.  Utz  (191)  also  found  solutions  of  phenolphthalin  in 
sodium  carbonate  to  be  stable. 

(2s)  Alkaline  'phenolphthalin  containing  hydrogen  peroxide. — The 
principal  difficulty  which  has  been  encountered  in  the  preparation 
of  alkaline  solutions  of  phenolphthalin  containing  small  amounts 
of  hydrogen  peroxide  is  that  it  sometimes  happens  that  the  hydrogen 
peroxide  alone  oxidizes  the  alkaline  solution  of  phenolphthalin,  and, 
as  already  pointed  out,  it  was  this  difficult}^  which  caused  me  to 
undertake  a reinvestigation  of  this  subject  in  relation  to  the  use 
of  phenolphthalin  in  testing  for  blood.  In  our  earlier  work  on  the 
peroxidase  activity  of  the  blood  in  health  and  disease,  however, 
Amoss  and  myself  (80)  had  no  special  difficulty  in  preparing  a color- 
less peroxidase  reagent,  but  when  I came  to  repeat  some  of  this 
work  later  considerable  difficulty  was  experienced  in  the  prepara- 
tion of  a colorless  peroxidase  reagent.  The  cause  of  the  trouble  was 
found  to  be  in  the  distilled  water  employed  in  the  preparation  of  the 
reagent.  With  certain  specimens  of  distilled  water  a pink  to  red 
coloration  was  produced  in  the  reagent  just  as  soon  as  the  h3^drogen 
peroxide  was  added.  With  other  specimens  of  distilled  water,  how- 
ever, the  reagent  remained  colorless  after  the  addition  of  the  hydro- 
gen peroxide.  The  spontaneous  oxidation  of  certain  solutions  of 
alkaline  phenolphthalin  containing  h}^drogen  peroxide  is  probably 
due  to  the  presence  of  very  small  amounts  of  copper.  Bourquelot 
and  Bougault  (23)  have  pointed  out,  for  example,  that  it  is  not 
rare  to  encounter  distilled  water  which  blues  guaiacum  at  50°  C. 
Similarly,  Carnelly  (35)  found  distilled  water  to  dissolve  small  amounts 
of  metallic  copper,  and  in  different  samples  of  distilled  water  Barth 
(Nessler,  119)  found  amounts  of  copper  varying  from  none  to  0.015 
gram  of  copper  acetate  per  liter  of  water.  Ascarelli  (7)  found  copper 
sulphate  to  react  with  benzidin  at  a dilution  of  1 to  1,000,000. 

It  therefore  occurred  to  me  that  this  difficulty  could  be  overcome 
by  redistilling  the  water  used  in  the  preparation  of  the  reagent,  in 
glass  vessels.  This  was  tried  and  found  to  give  good  results.  As  a 
matter  of  fact,  since  I began  using  water  which  had  been  once  redis- 
tilled in  glass  vessels  no  difficulty  has  been  experienced  in  the  prep- 
aration of  colorless  alkaline  solutions  of  phenolphthalin  containing 
hydrogen  peroxide  in  suflficient  amount  to  accomplish  its  oxidation 
under  proper  conditions. 
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These  solutions  were  prepared  as  follows:  0.032  gram  of  phenol- 
phthalin  was  dissolved  in  21  c.  c.  of  N/10  sodium  hydroxide  solution 
and  diluted  with  redistilled  water  to  nearly  100  c.  c.  0.1  c.  c.  of 
M/1  hydrogen  peroxide  was  then  added  and  the  solution  made  up 
to  exactly  100  c.  c.  with  redistilled  water.  Or,  phenolphthalin  was 
mixed  in  slight  excess  with  1 c.  c.  of  N/10  sodium  hydroxide  solution 
and  a small  quantity  of  redistilled  water,  and  after  shaking  thor- 
oughly was  filtered  and  to  the  filtrate  20  c.  c.  of  N/10  sodium  h}Mrox- 
ide  were  then  added,  the  solution  made  up  to  nearly  100  c.  c.  with 
redistilled  water,  0.1  c.  c.  of  M/1  hydrogen  peroxide  added,  and  the 
solution  made  up  to  exactly  100  c.  c.  with  redistilled  water.  By  this 
latter  method  weighings  are  obviated.  It  has  been  found  further 
that  for  most  blood  work  with  this  reagent  it  is  sufficiently  accurate 
to  employ  0.1  c.  c.  of  the  3 per  cent  commercial  hydrogen  peroxide 
solutions.  It  is  scarcely  necessary  to  state  in  this  connection  that 
only  the  purest  forms  of  sodium  hydroxide  should  be  employed  in  a 
preparation  of  the  N/10  sodium  hydroxide  used  in  making  up  the 
reagent,  and  also  that  redistilled  water  be  used  in  the  preparation 
of  such  solutions  of  sodium  hydroxide. 

By  closely  following  the  above  directions  it  has  been  found  possible 
to  prepare  solutions  of  phenolphthalin  in  alkali  containing  the  quan- 
tity of  hydrogen  peroxide  required  for  the  oxidation  of  the  phenol- 
phthalin, which  were  without  the  slightest  trace  of  pink  color  at  the 
time  of  their  preparation,  and  which,  when  preserved  in  glass-stop- 
pered bottles  in  a dark  closet  at  ordinary  temperature,  showed  only  a 
faint  trace  of  color,  not  measurable  colorimetrically  in  the  quantities 
of  the  solution  employed  in  our  observations,  after  forty-eight  hours. 
In  this  way  I have  been  able  to  overcome  the  difficulty  encountered  by 
Czyhlarz  and  Von  Fiirth  (43)  in  their  attempt  to  measure  the  perox- 
idase activity  of  the  blood  by  means  of  phenolphthalin. 

THE  CONDUCT  OF  BLOOD  TOWARD  ALKALINE  PHENOLPHTHALIN 
ALONE  AND  IN  THE  PRESENCE  OF  HYDROGEN  PEROXIDE. 

It  has  been  observed  by  Meyer  (114)  and  Utz  (191)  and  independ- 
ently by  Kastle  (80)  that  phenolphthalin  in  alkaline  solution  is 
oxidized  by  blood  to  phenolphthalein,  and  that  the  oxidation  is 
greatly  accelerated  by  hydrogen  peroxide.  Kastle  and  Amoss  (80) 
found,  further,  that  within  certain  limits  the  quantity  of  phenolph- 
thalm  oxidized  by  a given  amount  of  blood  and  hydrogen  peroxide  is 
nearly  proportional  to  the  concentration  of  the  sodium  hydroxide. 
As  to  the  precise  function  of  the  alkali  in  such  oxidations  nothing 
definite  can  be  said  at  present.  It  should  be  borne  in  mind,  how- 
ever, that  phenolphthalin  contains  two  phenolic  groups  in  its  mole- 
cule, and  that  therefore,  as  is  the  case  with  other  phenols,  its  oxida- 
tion is  greatly  facilitated  by  an  excess  of  alkali.  The  fact  that  it  is 
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oxidized  so  rapidly  in  alkaline  solution  by  hydrogen  peroxide  under 
the  influence  of  blood  as  a carrier,  and  that  it  is  also  oxidized  in 
alkaline  solution  b}"  blood  alone,  but  more  slowly,  would  seem  to 
indicate  either  that  in  the  alkali  itself  we  have  traces  of  hydrogen 
peroxide  or  that  the  blood  pigment  can  function  both  as  a peroxide 
and  as  an  ox}^gen  carrier.  In  support  of  the  latter  view  it  is  worthy 
of  note  that  the  oxidation  of  phenolphthalin  by  blood  occurs  in  solu- 
tions of  X/10  sodium  h^nlroxide  which  have  been  prepared  b}^  the 
action  of  sodium  amalgam  upon  water  and  in  which  it  seems  fair  to 
assume  that  no  peroxide  compounds  would  be  present;  and  in  no 
case  did  the  N/10  solution  of  sodium  hydroxide  employed  in  this  and 
the  other  investigations  give  any  test  for  h}"drogen  peroxide  with 
the  titanic  acid  reagent. 

In  alkaline  solutions  of  phenolphthalin  containing  hydrogen 
peroxide  the  principal  function  of  the  blood  seems  to  be  that  of  an 
oxygen  carrier,  similar  in  its  action  to  finely  divided  platinum. 

DELICACY  OF  THE  PHENOLPHTHALIN  BLOOD  TEST. 

As  already  pointed  out,  TJtz  (191)  regards  the  phenolphthalin- 
hydrogen  peroxide  reagent  as  a more  delicate  reagent  than  either 
guaiacum  (van  Deen)  or  aloin  (Rossel).  Quite  recently  Delearde 
and  A.  Benoit  (16)  have  been  able  to  recognize  one  part  of  blood 
diluted  with  1,000,000  parts  of  water  b}^  means  of  Meyer’s  reagent 
and  hydrogen  peroxide.  In  my  opinion,  the  delicac}^  of  the  phenol- 
plithalin-h^^drogen  peroxide  test  is  even  greater  than  that  observed 
by  the  latter  authors,  as  may  be  seen  from  the  following  observa- 
tions : 

Fresh  solutions  of  human  blood  were  prepared  of  the  following 
concentrations : 

(1)  0.0038  gram  of  blood  was  dissolved  in  distilled  water  and  made  up  to  100  c.  c. 

(2)  10  c.  c.  of  solution  (1)  were  made  up  to  100  c.  c.  with  distilled  water. 

(3)  10  c.  c.  of  solution  (2)  were  made  up  to  100  c.  c.  with  distilled  water. 

(4)  10  c.  c.  of  solution  (3)  were  made  up  to  100  c.  c.  with  distilled  water. 

Hence,  1 c.  c.  of  solutions  (1),  (2),  (3),  and  (4)  contained  the  fol- 
lowing quantities  of  blood,  respective^: 


Solution. 

Quantity  of  blood 
in  1 c.  c.,  gram. 

Number  (1) 

Number  (2) 

Number  (3) 

Number  (4) 

0. 000038 
. 0000038 
. 00000038 
. 000000038 
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Tubes  were  prepared  containing  1 c.  c.  of  each  of  these  sokitions, 
and  to  each  tube  there  was  then  added  2 c.  c.  of  the  reagent,  and  a 
control  tube  prepared  containing  1 c.  c.  of  distilled  water  and  2 c.  c. 
of  the  reagent.  These  tubes  were  allowed  to  stand  five  minutes  at 
room  temperature,  and  at  the  end  of  this  time  the  tubes  showed  the 
following  colors: 


i 

I Tube, 

Qnan  dty  of  blood  , 
gram. 

Color.  1 

i Control 

Xone, 

Trace  of  pink.  f 

i XuinberO) ' 

aooooss 

Deep  purplish  red.  j 

Xnmber  cn 

.a»oa5s 

Purphsh  re*i.  ! 

1 Xumber  (3) ! 

.0000003S 

Pink.  j‘ 

} XtLmber(4) i 

-OOOOOOOS 

Light  pink.  | 

The  color  shown  by  (.3)  was  much  deeper  than  that  shown  by  the 
control  tube,  and  while  the  color  shovui  by  tube  (4)  was  only  light 
pink  it  was  decidedly  more  colored  than  the  control,  the  difference 
in  color  being  recognized  independently  by  two  persons.  The  colors 
of  these  solutions  were  then  compared  in  the  Duboscq  colorimeter 
with  a standard  solution  of  phenolphthalein  containing  0.00031Sgram 
of  phenolphthalein  in  1 c.  c.  alcohol,  0.42  c.  c.  X 10  sodium  hydroxide, 
and  1.5S  c.  c.  water,  when  the  following  readings  were  obtained  in 
divisions  on  the  scale  of  the  colorimeter,  the  test  in  all  cases  being 
put  at  o divisions  on  the  scale: 


i Test. 

i' 

Eeading. 

Standard. 

j Control 

5 \ 

Xot  measurable. 

1 Number  (1) ' 

] o 

aa 

Xumber  (2). . . J 

1 ^ 

1.2. 

Xumber  (3) | 

' 5 ' 

a 2. 

Xumber  ' 

5 

Xot  measurable. 

It  is  evident  from  these  results  that,  as  actually  measured  in  the 
colorimeter,  we  are  able  to  detect  the  oxidizing  power  of  0.0000003S 
gram  of  blood  acting  at  a total  dilution  of  3 c.  c.,  or  approximately  1 
part  of  blood  to  S, 000, 000  parts  of  water:  and  that  by  direct  com- 
parison of  the  colors  produced,  with  the  unaided  eye  we  can  detect 
the  oxidizing  effect  of  even  one-tenth  of  this  amount,  viz,  0.00000003S 
gram  at  a total  dilution  of  3 c.  c..  or  approximately  1 part  of  blood  in 

80.000. 000  parts  of  water.  The  thhd  dilution,  or  1 part  of  blood  to 

8.000. 000.  closely  corresponds  to  the  minimum  amount  of  blood 
found  by  Delearde  and  A.  Benoit  (16)  to  produce  a recognizable 
color  with  the  reagent,  provided  that  we  take  into  account  the  total 
volume  of  fluid  of  all  the  reacting  substances. 
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In  order  to  test  the  conduct  of  these  blood  solutions  towards  an 
alkaline  solution  of  phenolphthalin  containing  no  hydrogen  peroxide, 
tubes  were  prepared  containing  2 c.  c.  of  the  alkaline  phenolphthalin 
solution  and  1 c.  c.  of  blood  solutions  Xos.  (1),  (2),  (3),  and  (4),  and 
also  a control  containing  2 c.  c.  of  alkaline  phenolphthalin  and  1 c.  c. 
of  distilled  water.  These  were  allowed  to  stand  for  eighteen  hours 
at  ordinary  temperature;  at  the  end  of  this  time  the  tubes  had 
developed  colors  as  follows: 


Test. 

Quantity  of  blood, 
gram. 

Color. 

Control 

None. 

Trace  of  pink. 

Number  (1) 

0.  000038 

Deep  purplish  red. 

Number  (2) 

.0000038 

Deep  purplish  pink. 

Number  (3) 

. 00000038 

Light  pink. 

Number  (4) 

. 000000038 

Trace  of  pink. 

Xo  difference  in  color  could  be  made  out  between  the  control  and 
No.  (4).  Hence  so  far  as  the  oxidation  of  alkaline  phenolphthalin 
can  be  accomplished  by  blood  alone  without  li5xlrogen  peroxide, 
0.00000038  gram  of  blood  at  a dilution  of  3 c.  c.,  or  approximately 
1 part  of  blood  in  8,000,000,  is  about  the  limit  of  the  reaction. 

THE  QUANTITY  OF  PHENOLPHTHALIN  OXIDIZED  UNDER  THE 
INFLUENCE  OF  BLOOD  IS  PROPORTIONAL  TO  THE  QUANTITY 
OF  BLOOD  PRESENT. 

It  was  shown  by  Kastle  and  Amoss  (80)  that  the  oxidizing  power 
of  the  blood  of  different  individuals  is  proportional  to  the  hemo- 
globin content.  It  seemed  of  interest,  therefore,  to  determine  in 
this  connection  the  oxidizing  power  of  the  blood  of  the  same  indi- 
vidual at  different  concentrations.  Accordingly  3.5  milligrams  of 
blood  from  one  individual  was  dissolved  in  100  c.  c.  of  water.  Five 
c.  c.  of  this  solution  were  made  up  to  10  c.  c.  with  distilled  water, 
10  c.  c.  were  made  up  to  50  c.  c.,  10  c.  c.  were  made  up  to  100  c.  c. 
These  solutions,  therefore,  had  the  relative  concentrations  of  1.0, 
0.5,  0.2,  and  0.1,  respectively.  The  oxygen-carrying  power  of  these 
solutions  was  then  tested  toward  the  alkaline  phenolphthalin-hydro- 
gen  peroxide  reagent,  using  2 c.  c.  of  the  reagent  and  1 c.  c.  of  each  of 
the  blood  solutions.  The  four  tubes  containing  these  mixtures  were 
allowed  to  stand  one  hour  at  ordinary  temperature,  at  the  end  of 
which  time  they  were  compared  as  to  color  in  the  Duboscq  colorim- 
eter with  the  following  results: 


Concentration 1.0  0.5  0.2  0.1 

Scale  reading 1.0  2.0  4.6  9.6 


The  oxidizing  power  of  these  solutions  was  also  tested  toward 
alkaline  phenolphthalin,  using  2 c.  c.  of  the  reagent  with  1 c.  c.  of 
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each  of  the  blood  solutions.  The  tubes  containing  these  substances 
were  allowed  to  stand  twenty-four  hours  at  ordinary  temperature, 
at  the  end  of  which  time  they  were  compared  in  the  Duboscq  colorim- 
eter with  a fresh  standard  of  phenolphthalein  in  alkali  containing 
0.0318  gram  of  phenolphthalein  in  21  c.  c.  of  X 10  sodium  hydroxide 
and  sufficient  water  to  bring  the  total  volume  of  the  solution  up  to 
100  c.  c.  The  following  are  the  results  of  these  comparisons: 


Concentration 1.  0 0.  5 0.  2 0. 1 

Scale  reading 5 1.1  2.3  5.2 


The  standard  was  set  at  0.2  division  on  the  scale  of  the  colorimeter. 

It  is  evident  from  these  results  that  the  oxygen-carrying  power  of 
blood  towards  an  alkaline  solution  of  phenolphthalin  containing 
hydrogen  peroxide  and  its  oxidizing  power  toward  alkaline  phenol- 
phthalin alone,  is  directly  proportional  to  the  concentration  of  the 
blood. 

In  my  opinion,  two  things  are  necessary  for  the  more  exact  deter- 
mination of  hemoglobin  than  is  possible  with  the  instruments  now 
in  use  for  this  purpose : first,  to  weigh  the  blood  used  in  the  determina- 
tion instead  of  attempting  to  measure  such  a viscous  licjuid  in  pipettes 
of  such  narrow  caliber  as  are  ordinarily  employed  in  hematologic 
work,  and,  second,  to  use  a colorimetric  method  depending  on  the 
oxidation  of  phenolphthalin  by  blood,  whereby  a coloring  matter 
of  great  intensity  of  color  is  obtained.  I hope,  therefore,  at  some 
ftiture  time  to  work  out  the  details  of  a method  for  the  exact  deter- 
mination of  hemoglobin  based  on  these  principles. 

ON  THE  EFFECT  OF  VARIOUS  ANIMAL  TISSUES  ON  THE  OXIDA- 
TION OF  ALKALINE  PHENOLPHTHALIN  BY  BLOOD  ALONE  AND 

IN  THE  PRESENCE  OF  HYDROGEN  PEROXIDE. 

It  soon  became  apparent  in  the  course  of  this  investigation  that 
the  oxidation  of  phenolphthalin  in  alkaline  solution  by  blood  alone 
and  in  the  presence  of  lyvdrogen  peroxide  was  considerably  retarded 
by  extracts  of  various  animal  tissues.  In  order  to  determine  to  what 
extent  this  occurred,  the  following  experiments  were  carried  out: 
A guinea  pig  was  anesthetized  and  killed  by  bleeding,  and  a solution 
of  the  pig’s  blood  was  prepared  by  dissolving  0.0225  gram  of  the 
blood  in  250  c.  c.  of  water.  This  was  labeled  solution  Xo.  (1).  After 
the  death  of  the  animal  the  following  tissues  were  removed  and 
labeled  as  indicated:  Liver,  (2):  bone  marrow,  (3\:  pancreas,  (4); 
spleen,  (5):  muscle,  (6):  lung,  (7);  suprarenals,  (S):  brain,  (9). 
One-tenth  gram  of  each  of  these  tissues  was  rubbed  up  in  a mortar 
with  10  c.  c.  of  blood  solution  Xo.  (1)  and  the  several  solutions  num- 
bered to  correspond  with  the  numbers  of  the  tissues  used.  These 
solutions  were  then  compared  in  oxidizing  power  with  the  blood 
solution  towards  the  alkaline  phenolphthalin  containing  hydrogen 
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peroxide,  using  2 c.  c.  of  the  reagent  and  0.1  c.  c.  of  the  solution  of 
blood  or  of  blood  and  tissue.  After  a short  interval  all  of  these 
tissues  showed  a retarding  influence  on  the  oxidation.  Arranged  in 
order  of  the  amount  of  phenolphthalein  formed  as  shovm  by  the 
color  of  the  tubes,  these  solutions  stood  in  the  following  order: 

Blood. 

Liver  = Bone  marrow  = Lung  = Siiprarenals. 

Spleen. 

Pancreas. 

Brain  = Muscle. 

The  greatest  retardation  was  shown  by  the  muscle  and  brain.  At 
the  end  of  fifteen  minutes  the  tube  containing  blood  alone  was  deep 
purplish  red,  whereas  tubes  (6)  and  (9)  were  only  faint  pink.  When 
compared  in  the  colorimeter  with  standard  phenolphthalein,  these 
three  tubes  gave  the  following  readings: 

[Dec.  17,  1908.] 


Tube. 

Contents. 

Colorimeter  scale 
readings. 

Test. 

standard. 

Number  (1)... 

Blood 

5 

2.0 

Number  (6) 

Blood  and  muscle 

5 

.2 

Number  (9) 

Blood  and  brain 

5 

.4 

On  standing  one  hour  solutions  (3),  (5),  and  (7)  showed  even  a 
greater  coloration  than  (1).  It  should  be  borne  in  mind,  however, 
that  these  three  tissues,  bone  marrow,  spleen,  and  lung,  are  highly 
vascular,  and  hence  solutions  (3),  (5),  and  (7)  probably  actually 
contained  somewhat  more  blood  than  solution  (1). 

The  conduct  of  these  solutions  was  also  tested  towards  alkaline 
phenolphthaiin  alone,  using  2 c.  c.  of  the  reagent  and  1 c.  c.  of  each 
of  the  solutions.  These  tests  were  allowed  to  stand  twenty-four 
hours  at  ordinary  temperature,  when  the  colors  were  compared  with 
the  phenolphthalein  standard,  with  the  following  results: 


Tube. 

Contents. 

: i 

Colorimeter  scale  ! 
readings. 

Test. 

Standard.  ‘ 

1 

Number  (1) 

Blood 

5 

1 

3.4 

Number  (2) 

Blood  and  liver 

5 

1 

1.4  i 

Number  (3).. . . 

Blood  and  marrow. . 

5 

1.7 

Number  (4) 

Blood  and  pancreas 

0 

Number  (5) 

Blood  and  spleen 

5 

2.0 

Number  (6) 

Blood  and  muscle 

5 

.1 

Number  (7) 

Blood  and  lung 

5 

1.7 

i Number  (8) 

Blood  and  suprarenals 

5 

(?)4.2 

j Number  (9) 

Blood  and  brain j 

5 

.4 
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Here  again  we  note  a marked  retarding  effect  on  the  oxidizing 
power  of  blood  towards  alkaline  phenolplitlialin  on  the  part  of  all  the 
tissues^  with  the  possible  exception  of  the  suprarenals,  and  in  this 
case  the  solution  had  become  turbid  and  hence  difficult  to  read  in 
the  colorimeter. 

The  solutions  of  blood  and  of  blood  containing  the  several  tissues 
were  kept  on  ice  for  twenty-four  hours,  at  the  end  of  which  time 
they  were  again  tested  towards  alkaline  phenolphthalin  solution, 
using  2 c.  c.  of  the  reagent  and  1 c.  c.  of  the  several  solutions.  The 
tests  were  allowed  to  stand  twenty-four  hours  at  ordinary  tempera- 
ture, at  the  end  of  which  time  they  were  compared  in  the  colorimeter 
with  the  phenolphthalein  standard  with  the  following  results: 


[Dec.  18,  1908.] 


Tube. 

Contents 

Colorimeter  scale 
readings. 

Test. 

Standard. 

Number  (1) 

1 

1 Blood  

5 

1.8 

Number  (2) . . 

* Blood  and  liver 

5 

1.3 

Number  (3) 

Blood  and  marrow 

5 

3.0 

Number  (4) 

Blood  and  pancreas 

5 

3.0 

Number  (5) 

Blood  and  spleen 

5 

1.8 

Number  (6).. 

j Blood  and  muscle.  

5 

.1 

Number  (7) 

Blood  and  lung 

5 

2.0 

Number  (8) 

Blood  and  suprarenals. . . . 

5 

2.0 

Number  (9) 

Blood  and  brain 

5 

.3 

Control 

Water 

Not  m( 

iasurable. 

1 

Comparing  these  results  with  those  obtained  with  the  same  solu- 
tion on  December  17,  1908,  we  note  a considerable  falling  off  in  oxi- 
dizing power  in  the  blood  alone  (1).  Solutions  (2),  (5),  (6),  (7), 
and  (9)  show  about  the  same  activity  on  the  two  dates,  and  solu- 
tions (3)  and  (4)  show  a considerable  increase  in  activity.  It  is  also 
interesting  to  note  that  whereas  when  first  mixed  with  blood  both 
bone  marrow  and  pancreas  retard  the  oxidizing  power  of  blood 
towards  alkaline  phenolphthalin  alone,  they  seem  to  accelerate  its 
action  after  twenty-four  hours,  or  possibly  they  prevent,  in  some 
way,  its  decomposition  by  water.  The  great  retarding  effect  of  mus- 
cle (6)  and  brain  (9)  tissues  is  still  seen  with  solutions  of  blood  and 
these  tissues  that  have  stood  twenty-four  hours.  As  to  the  precise 
cause  of  these  remarkable  effects,  nothing  definite  can  be  said  at 
present.  It  is  known,  however,  that  most  of  the  fresh  animal  tis- 
sues possess  considerable  reducing  power,  and  it  is  conceivable  that 
these  have  a greater  affinity  for  oxygen  than  phenolphthalin  itself. 
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TESTING  FOR  BLOOD  IN  PATHOLOGICAL  FLUIDS  AND 
SECRETIONS. 

The  fact  that  animal  tissues  in  many  cases  retard  the  oxidation 
of  phenolphthalin  under  the  influence  of  blood  indicates  that  the 
testing  for  blood  in  various  animal  tissues  and  secretions  under 
normal  and  pathological  conditions  is  altogether  a different  matter 
from  testing  for  blood  in  pure  aqueous  solutions,  and  that  the 
delicacy  of  such  tests  is  very  likely  to  be  interfered  with.  As  a 
matter  of  fact,  strictly  chemical  tests  for  blood  such  as  the  guaiacum 
test  have  been  more  extensively  used  for  the  recognition  of  blood 
stains  than  in  the  examination  of  body  fluids  for  blood.  (See 
Wittstein,  204,  and  also  Schuster,  165.)  Our  attention  was  first 
directed  to  this  phase  of  the  subject  through  the  study  of  the  per- 
oxidase reaction  of  certain  normal  and  pathologic  urines.  In  the 
presence  of  hydrogen  peroxide  and  phenolphthalin  certain  urines' 
containing  blood  gradually  developed  a deep  blood-red  color,  after 
the  addition  of  N/10  sodium  hydroxide,  due  to  the  production  of 
phenolphthalein,  whereas  other  urines  known  to  contain  blood  failed 
entirely  to  show  this  change  of  color.  Evidently,  therefore,  certain 
urines  contain  substances  which  retard  the  oxidation  of  phenol- 
phthalin by  blood  and  hydrogen  peroxide.  Similar  difficulties  have 
been  encountered  by  other  observers,  and  in  no  instance  has  a method 
of  blood  testing  been  devised  which  will  recognize  in  urine,  feces, 
gastric  contents,  etc.,  as  small  an  amount  of  blood  as  can  be  detected 
in  water. 

THE  ADSORPTION  OF  BLOOD  PIGMENTS  BY  VARIOUS  COLLOIDAL 
AND  FINELY  DIVIDED  SUBSTANCES. 

The  attempt  has  been  made  to  overcome  the  difficulty  in  testing 
for  blood  in  pathologic  fluids  and  secretions  referred  to  above  by 
treating  the  urine  or  other  fluid  with  a substance  which  would  absorb 
the  blood  pigment  and  leave  the  interfering  substances  in  solution. 

The  earliest  observations  in  this  field  were  made  by  Rose  (134), 
who  found  that  such  substances  as  aluminium  hydroxide,  ferric 
hydroxide,  etc.,  have  the  power  of  adsorbing  blood  coloring  matters 
from  their  aqueous  solutions.  These  observations  have  been  con- 
firmed by  Fleming  (53).  Later  Struve  (177)  made  use  of  tannin 
for  this  purpose,  and  other  observers,  among  them  Dragendorf  (48), 
Schwartz  (167),  Berg  (17),  have  employed  zinc  acetate  for  this  pur- 
pose, and  still  others,  among  them  Bird  (20),  and  Klein  (87),  have 
used  a mixture  of  tannin  and  zinc  acetate.  Heller  has  also  proposed 
a test  for  blood  in  urine  which  depends  upon  the  fact  that  the  earthy 
phosphates  of  urine  precipitated  on  warming  with  alkali  have  the 
power  of  absorbing  any  blood-coloring  matter  which  the  urine  may 
contain,  in  consequence  of  which  the  precipitate  takes  on^  pink  or 
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rose  red  color  depending  on  the  amount  of  blood  present.  Arnold 
(6)  has  adapted  Hellers  method  to  the  examination  of  blood  spots 
by  dissolving  the  spot  in  an  aqueous  solution  of  caustic  potash, 
adding  urine,  and  heating  the  mixture.  Similarly  Parisot  (cited  by 
Le  Canu,  99)  adopted  the  plan  of  heating  the  urine,  when  if  blood 
is  present  it  is  found  in  the  coagulum. 

BLOOD  IX  UKIXE. 

Obviously  Heller's  test  iu  its  original  form  is  more  or  less  crude 
unless  further  controlled  by  some  such  test  as  the  phenolphthalin 
reaction,  for  the  reason  that  as  compared  with  the  quantities  of 
blood  which  can  be  recognized  by  phenolphthalin  the  cpiantities  of 
blood  required  to  impart  a visible  coloration  to  such  a precipitate 
are  relatively  large. 

In  connection  with  the  phenolphthalin  test  we  have  employed 
the  adsorption  and  concentration  of  the  blood  pigments  from  urines 
containing  blood  with  good  results,  as  may  be  seen  from  the  fol- 
lowing: 0.0026  gram  of  blood  was  dissolved  in  100  c.  c.  of  the  urine 
of  the  same  iudividual  from  whom  the  blood  was  obtained  and 
labeled  (1).  Some  of  the  original  urine  was  reserved  for  comparison 
and  labeled  (2).  One  c.  c.  of  urines  (1)  and  (2)  were  mixed  with 
2 c.  c.  of  redistilled  water  and  two  drops  of  thick  alumina  cream, 
and  by  way  of  further  comparison  a third  tube  was  prepared  con- 
taining 3 c.  c.  of  redisthled  water  and  two  drops  of  alumina  cream; 
this  was  labeled  (3).  The  tubes  containing  these  mixtures  were 
then  shaken  and  filtered  through  smaU  filters  and  the  residues 
washed  with  smah  amounts  of  dLstfiled  water.  Very  small  amounts 
of  the  residues  thus  obtained  were  added  to  2 c.  c.  of  the  phenol- 
phthalin-hydrogen  peroxide  reagent  and  aUowed  to  stand  five  minutes 
at  ordinary  temperature,  at  the  end  of  which  time  the  solutions 
showed  the  foUowing  colors: 

(1  Reddish  purple. 

(2 1 Faint  pink. 

(3 1 Faint  pink. 

It  is  evident,  therefore,  that  by  tins  procedure  we  were  able  to 
recognize  0.000026  gram  of  blood  at  a total  chlution  of  3 c.  c.,  or 
approximately  8 parts  of  blood  per  1,000,000.  As  a matter  of  fact 
we  reaUy  recognized  a considerably  smaUer  quantity  than  this  for 
the  reason  that  only  a smaU  amount  of  the  aluminium  hydroxide 
residue  containing  the  blood  was  employed  in  making  the  test.  Or 
looked  at  in  another  way,  we  have  been  able  to  recognize  definitely 
the  oxidizing  effect  of  26  parts  of  blood  in  1,000,000  parts  of  urine. 
Tins,  I think,  is  a much  smaller  amount  than  could  be  recognized 
with  certainty  by  spectroscopic  or  microscopic  tests,  or  indeed  by 
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any  method,  unless  it  be  b}^  the  precipitin  or  other  biologic  tests. 
These  experiments  were  repeated  on  other  samples  of  urine  con- 
taining blood  with  like  results. 

BLOOD  IX  SALIVA. 

Similar  results  have  been  obtained  with  saliva,  as  may  be  seen 
from  the  following:  0.0036  gram  of  human  blood  was  dissolved  in 
100  c.  c.  of  fresh  saliva,  and  the  solution  labeled  (1)  ; some  of  the 
same  saliva  was  kept  for  comparison  and  labeled  (2).  One  c.  c.of 
solutions  (1)  and  (2)  were  mixed  with  2 c.  c.  of  water  and  tliree  drops 
of  alumina  cream.  The  mixtures  were  then  thoroughly  shaken  and 
filtered,  and  the  residues  washed  with  redistilled  water.  Small 
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amounts  of  these  residues  were  added  to  2 c.  c.  of  the  phenolphthalin- 
hydrogen  peroxide  reagent.  After  standing  a few  minutes  at  ordi- 
nary temperature,  solution  (1)  became  deep  purplish  red,  whereas 
(2)  showed  only  a faint  pink  coloration.  Small  amounts  of  the  two 
residues  were  then  added  to  alkaline  phenolphthalin  containing  no 
hydrogen  peroxide.  At  the  end  of  five  hours  solution  (1)  had  be- 
come pink,  whereas  (2)  remained  colorless.  At  the  end  of  twenty- 
four  hours  (1)  was  dark  purplish  red,  while  (2)  was  faint  pink.  The 
unfiltered  and  filtered  sahvas  were  also  tested  for  blood  directly  by 
means  of  alkaline  phenolphthalin  and  hydrogen  peroxide,  and  also 
by  means  of  alkaline  phenolphthalin  alone,  without  previous  treat- 
ment with  aluminium  hydroxide.  With  the  unfiltered  salivas,  1 c.  c. 
of  (1)  with  2 c.  c.  of  the  alkaline  phenolphthalin-hydrogen  peroxide 
reagent  developed  a deep  pink  color  on  standing  twenty  minutes, 
whereas  (2)  showed  only  a faint  trace  of  pink  under  the  same  con- 
ditions, and  the  filtered  solutions  gave  similar  results.  The  two 
salivas,  filtered  and  unfiltered,  were  also  tested  with  alkaline  phe- 
nolphthalin alone,  using  1 c.  c.  of  the  saliva  and  2 c.  c.  of  the  alkaline 
solution  of  phenolphthalin.  Solution  (1)  showed  a fight  pink  color 
after  twenty-four  hours,  while  (2)  showed  only  a trace  of  pink. 

It  is  possible,  therefore,  to  recognize  36  parts  of  blood  in  1,000,000 
parts  of  saliva  by  direct  test  with  the  phenolphthalin  reagent,  but 
much  more  satisfactory  results  are  obtained  by  previous  treatment 
with  aluminium  hydroxide. 

ADSOEPTIVE  POWER  OF  SOIL  FOR  BLOOD. 

In  view  of  the  highly  adsorptive  power  of  aluminium  and  ferric- 
hydroxides  for  blood,  it  occurred  to  me  that  possibly  soil  would  also 
exhibit  adsorptive  power  towards  the  blood  pigments.  In  order  to 
test  the  matter,  0.0026  gram  of  human  blood  was  dissolved  in  25  c.  c. 
of  water  and  1 gram  of  soil  added.  This  mixture  was  weU  shaken 
and  a portion  of  it  filtered.  Both  the  filtrate  and  the  residue  showed 
the  presence  of  blood  when  tested  with  the  alkaline  phenolphthalin- 
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hydrogen  peroxide  reagent.  The  residue  gave  much  the  stronger 
test,  however,  indicating  some  adsorption  of  blood.  Some  of  the 
mixture  was  then  boiled  and  filtered.  One  c.  c.  of  the  filtrate  with 
2 c.  c.  of  the  alkaline  phenolphthalin-hydrogen  peroxide  reagent  gave 
only  a faint  pink  color  after  standing,  whereas  a very  small  amount 
of  the  residue  gave  with  2 c.  c.  of  the  reagent  a deep  purplish  red  color 
after  standing  a few  minutes.  Hence  the  adsorptive  power  of  soil  for 
blood  is  greatly  augmented  by  boiling.  A control  test  was  carried  out 
using  25  c.  c.  of  water  and  1 gram  of  the  same  sample  of  soil,  but  no 
blood.  Neither  the  filtrate  nor  the  residue,  before  or  after  boiling, 
gave  a color  with  the  alkaline  phenolphthalin-hydrogen  peroxide 
reagent. 

Hence  by  means  of  the  alkahne  phenolphthalin-hydrogen  peroxide 
reagent  we  were  able  to  detect  1 part  of  blood  in  9,600  parts  of  water 
containing  1 gram  of  soil,  and  from  such  a solution  the  blood  is  com- 
pletely adsorbed  by  the  soil  on  boiling.  In  testing  soil  for  blood, 
therefore,  it  is  advantageous  to  boil  the  soil  with  twenty  to  thirty 
times  its  volum.e  of  water,  hlter,  and  test  the  conduct  of  the  residue 
toward  the  alkahne  phenolphthalin-hydrogen  peroxide  reagent. 
Should  such  a test  turn  out  to  be  negative,  it  is  reasonably  certain 
that  no  blood  is  present  in  the  soil,  or  if  any,  not  more  than  traces. 
Should  a positive  test  be  obtained  under  these  conditions,  it  is 
reasonably  certain  that  blood  is  present,  and  this  should  be  con- 
firmed by  other  tests. 

BLOOD  IN  MILK. 

In  certain  diseased  conditions  it  becomes  a matter  of  some  im- 
portance to  be  able  to  recognize  small  amounts  of  blood  in  milk. 
(See  ^^The  Significance  of  Leucocytes  and  Streptococci  in  Milk,”  by 
William  Whitfield  Miller,  Article  No.  13,  Bulletin  No.  41,  Hygienic 
Laboratory;  ^Alilk  and  Its  Relation  to  the  Public  Health”.) 

Some  preliminary  observations  were  made  on  cow’s  milk  contain- 
ing moderately  large  amounts  of  mouse’s  blood.  Such  milk,  raw  and 
after  boiling,  gave  excellent  tests  for  blood  with  Adler’s  benzidin 
test  (2);  indeed,  this  reagent  seems  to  be  admirabty  suited  to  the 
recognition  of  blood  in  milk.  On  the  other  hand,  with  phenolphthahn 
the  color  developed  much  more  slowly  than  with  aqueous  solutions 
of  blood,  indicating  the  presence  of  substances  which,  like  animal 
tissues  generally,  greatly  retard  the  oxidation. 

With  milk  the  effect  of  acid  coagulation  was  studied  with  the  view 
of  determining  the  distribution  of  the  blood  between  the  curd  and  the 
whey  and  the  possibility  of  the  adsorption  of  the  blood  pigment  by 
casein.  In  order  to  determine  the  effect  of  acid  coagulation,  2 c.  c. 
of  the  fresh  milk  containing  mouse’s  blood  was  coagulated  by  the 
addition  of  two  or  three  drops  of  dilute  acetic  acid.  The  curdled 
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mass  was  then  filtered  and  the  curd  washed  ’v\dth  distilled  water. 
The  whey  thus  obtained  had  a golden-yellow  color  and  gave,  vdth 
benzidin  and  also  with  alkahne  phenolphthalin  containing  hydrogen 
peroxide,  excellent  tests  for  blood.  On  the  other  hand,  the  curd  was 
practically  white  and  showed  but  little  blood  by  the  benzidin  and 
phenolphthahn  tests.  TTith  benzidin  the  curd  showed  only  a faint 
blue  color;  with  alkaline  phenolphthalin  containing  hydrogen  per- 
oxide a little  of  the  curd  gave  a deep  pink  color  after  standing  for 
some  time. 

A specimen  of  fresh  cow’s  milk,  labeled  (1),  and  another  specimen 
of  the  same  containing  mouse’s  blood,  labeled  (2),  vrere  kept  at 
ordinary  temperatme  for  six  days.  Both  specimens  had  curdled 
and  both  were  filtered.  The  serum  of  (1)  was  found  to  be  clear 
and'^ almost  colorless;  the  serum  of  (2)  was  clear  and  salmon  pink 
in  color.  One  drop  of  each  filtrate  was  then  added  to  2 c.  c.  of  the 
alkaline  phenolphthalin-hydrogen  peroxide  reagent;  (1)  remained 
colorless,  whereas  (2)  became  pink  immediately  and  ultimately  deep 
purplish  red. 

The  residues  left  after  filtering  these  two  specimens  of  milk  were 
washed  with  small  amounts  of  distilled  water  and  tested  with  the 
alkaline  phenolphthalin-hydrogen  peroxide  reagent ; milk  (1)  remained 
colorless,  and  (2)  gave  a pink  color  after  long  standing. 

It  is  evident  from  these  results  that  on  acid  coagulation  the  blood 
contained  in  cow’s  milk  passes  almost  entirely  into  the  whey,  and 
that  the  casein  possesses  but  little  if  any  adsorptive  power  for  the 
blood  pigments,  the  small  amounts  of  blood  present  in  the  casein 
probably  not  being  adsorbed  but  merely  held  in  mechanical  suspension 
by  the  casein. 

Fiu-ther  tests  for  blood  in  milk  have  been  carried  out  on  hiunan 
milk  containing  known  amoimts  of  human  blood.  Solutions  of 
human  blood  in  human  milk  were  prepared  as  follows: 

(1)  0.0024  gram  of  blood,  was  dissolved  in  1 c.  c.  of  water;  to  this  solution  were 

added  5 c.  c.  of  human  milk  B. 

(2)  0.0051  gram  of  blood  was  dissolved  in  1 c.  c.  of  water;  to  this  solution  were 

added  5 c.  c.  of  human  milk  B. 

(3)  1 c.  c.  of  solution  (1)  was  made  up  to  10  c.  c.  with  human  milk  B. 

(4)  Consisted  of  human  milk  B alone. 

(5)  Consisted  of  a second  specimen  of  human  milk,  D,  alone. 

These  solutions  were  then  tested  towards  the  alkaline  phenol- 
phthalin-hydrogen peroxide  reagent,  using  2 drops  of  the  milk  and 
2 c.  c.  of  the  reagent.  After  standing  tluee  minutes  the  solutions 
showed  the  following  colors : 

(1)  Red. 

(2)  Deep  purplish  red. 

(3)  Pink. 

(4)  Trace  of  pink. 

(5)  Trace  of  pink. 
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Similar  tests  were  made  on  these  specimens  of  milk  after  boiling, 
using  the  same  quantities  of  milk  and  of  the  reagent  as  were  employed 
in  testing  the  raw  specimens.  At  the  end  of  three  minutes  the 
solutions  showed  the  following  colors: 

(1)  Red. 

(2)  Deep  red.  . 

(3)  Pink. 

(4)  Trace  of  pink. 

(5)  Trace  of  pink. 

The  conduct  of  these  milks,  raw  and  boiled,  was  also  tested  towards 
alkaline  phenolphthalin  alone,  using  1 drop  of  each  specimen  of  milk 
and  2 c.  c.  of  the  reagent.  After  standing  all  night  at  the  ordinary 
temperature  the  solutions  showed  the  following  colors: 


Raw. 

(1)  Purplish.red. 

(2)  Deep  purplish  red. 

(3)  Pink. 

(4)  Trace  of  pink. 

(5)  Trace  of  pink. 


Boiled. 

Purplish  red. 

Deep  purplish  red. 
Pink. 

Trace  of  pink. 
Trace  of  pink. 


Milk  (3)  was  distinctly  darker  in  color  than  (4)  and  (5).  The 
colors  of  (1)  and  (2)  were  compared  in  the  Duboscq  colorimeter  with 
the  following  results: 

Readings  on  colorimeter  scale. 

Raw.  Boiled. 

(1)  4.0  4.0 

(2)  2.0  1.8 


These  results  signify,  of  course,  that  approximate!}^  twice  as  much 
phenolphthalein  had  been  produced  in  (2)  as  in  (1),  and  in  this  con- 
nection it  is  interesting  to  note  that  (2)  contained  approximately 
twice  as  much  blood  as  (1)  in  the  original  solution,  viz: 


(1)  0.0024  gram. 

(2)  0.0051  gram. 


Hence  by  means  of  phenolphthalin  we  are  not  only  able  to  detect 
very  small  amounts  of  blood  in  milk,  but  also  to  determine  the 
relative  amounts  thereof  in  several  samples  by  colorimetric  com- 
parison. These  5 specimens  of  human  milk,  raw  and  boiled,  were 
also  tested  for  blood  by  the  benzidin  test,  using  1 drop  of  milk,  0.5 
c.  c.  of  distilled  water,  3 drops  of  acetic  acid,  0.5  c.  c.  of  benzidin 
solution,  and  0.5  c.  c.  of  a 3 per  cent  solution  of  hydrogen  peroxide, 
with  the  following  results: 


Raw. 

(1)  Light  bluish  green. 

(2)  Deep  indigo  blue. 

(3)  Colorless. 

(4)  Colorless. 

(5)  Colorless. 


Boiled. 

Decided  blue. 
Deep  indigo  blue. 
Colorless. 
Colorless. 
Colorless. 
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On  milk  (1)  a somewhat  better  test  for  blood  was  obtained  with 
the  benzidin  test  on  the  boiled  specimen.  As  a test  for  blood  in 
milk^  phenolphthalin  has  been  found  to  be  a somewhat  more  delicate 
reagent  than  benzidin.  It  has  the  further  advantage  that  the  color 
produced  is  reasonably  stable  in  alkaline  solution,  whereas  the  color 
produced  with  the  benzidin  reagent  fades  rapidly  and  slight  changes 
of  color  are  therefore  apt  to  be  overlooked. 

It  is  also  evident  from  our  results  that  we  can  detect  1 part  of  blood 
in  25,000  parts  of  milk  when  only  1 drop  of  the  milk  is  used  in  mak- 
ing the  test,  and  by  rnaking  use  of  aluminum  hydroxide  with  the 
whey  of  milk  that  has  been  curdled  by  acid  it  is  more  than  probable 
that  still  smaller  quantities  of  blood  could  be  recognized  in  milk. 
As  it  is,  however,  either  the  phenolphthalin  or  the  benzidin  test  is 
sufficiently  delicate  to  enable  us  to  detect  much,  smaller  quantities 
of  blood  than  would  ever  be  hkely  to  occur  in  the  milk  in  diseased 
conditions  of  the  mammary  glands,  and  by  means  of  phenolphthalin 
the  amounts  of  blood  in  the  milk  in  such  diseases  could  be  followed 
quantitatively  from  day  to  day. 

These  five  samples  of  human  milk  were  kept  in  ordinary  cork- 
stoppered  bottles  from  January  30  to  April  5,  1909,  when  they  were 
again  tested  with  the  alkaline  phenolphthalin-hydrogen  peroxide 
reagent,  using  2 drops  of  the  milk  and  2 c.  c.  of  the  reagent.  After 
standing  three  minutes  the  solutions  showed  the  following  colors: 

(1)  Red. 

(2)  Deep  purplish  red. 

(3)  Pink. 

(4)  Trace  of  pink. 

(5)  Trace  of  pink. 

It  is  evident,  therefore,  that  the  blood  in  these  specimens  had  per- 
sisted unchanged  for  over  two  months,  despite  the  fact  that  no  efforts 
had  been  made  to  preserve  the  milk  from  the  ordinary  bacterial 
changes  which  occur  in  this  fluid. 

BLOOD  IN  GASTRIC  CONTENTS. 

0.0057  gram  of  human  blood  was  dissolved  in  10  c.  c.  of  fresh  gas-’ 
trie  contents,  and  the  solution  labeled  (1);  a portion  of  the  original 
contents  was  kept  for  comparison  and  labeled  (2).  Both  specimens 
were  allowed  to  stand  until  the  solid  contents  had  settled.  Two 
drops  of  each  of  the  specimens  were  then  added  to  2 c.  c.  of  the  alka- 
line phenolphthalin-hydrogen  peroxide  reagent.  Solution  (1)  gave 
a deep  purplish  red  color  after  standing  a few  minutes,  whereas  (2) 
showed  only  a faint  trace  of  pink.  Even  better  tests  with  phenol- 
phthalin were  obtained  after  boiling  the  two  specimens  of  gastric 
contents.  Solution  (1)  gave  the  benzidin  test  both  raw  and  after 
boiling,  whereas  (2)  gave  no  reaction.  Hence  in  0.1  c.  c.  portions 
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of  stomach  contents  we  were  able  to  detect  1 part  of  blood  in  1,750 
parts  of  the  stomach  contents.  In  ordinaiy  clinical  work  it  is  not 
Hkelv  that  any  attention  woidd  be  paid  to  quantities  of  blood  smaller 
than  this,  and  hence  no  attempts  have  been  made  to  recognize 
smaller  quantities.  I have  no  doubt,  however,  that  by  the  use  of 
aluminium  hydroxide  and  the  pbenolpbtbalin  reagent,  much  smaller 
quantities  of  blood  could  be  detected  in  gastric  contents. 

Reference  has  been  made  to  a recent  communication  by  Fozzi- 
Escot  (128)  on  the  use  of  pbenolpbtbalin  as  a reagent  for  blood,  in 
which  be  severely  criticises  the  work  of  Delearde  and  A.  Benoit  (16) 
on  this  subject,  and  seems  inclined  to  doubt  the  usefulness  of  this  sub- 
stance both  as  a test  for  blood  and  as  a reagent  for  the  oxidases.  As 
a matter  of  fact,  however,  since  this  compound  was  first  proposed  by 
Kastle  and  Sbedd  (S3)  as  a reagent  for  the  oxidases  it  has  given  excel- 
lent results,  both  in  the  bands  of  Kastle  and  other  cbenfists,  and  has 
proven  especially  valuable  in  recent  investigations  on  the  peroxi- 
dases. In  my  opinion,  therefore,  these  adverse  criticisms  of  this 
reagent  on  the  part  of  Pozzi-Escot,  for  the  work  for  which  it  has 
thus  far  been  employed,  are  absolutely  unjustifiable  in  the  light  of 
the  facts,  and  it  is  a subject  which  can  not  be  dismissed  on  the  basis 
of  a few  faulty  obseiwations.  As  a matter  of  fact,  phenolphthalin 
is  not  only  a beautifid  reagent  for  the  oxidases  and  peroxidases,  but 
it  lends  itself  admirably  to  quantitative  investigations  in  this  field, 
since  the  product  of  the  oxidation — phenolphthalein — is  of  perfectly 
definite  composition  and  can  be  determined  colorimetrically  with 
great  accuracy.  This  can  certainly  not  be  said  of  a great  many 
substances  which  have  been  used  in  work  of  this  kind.  Further, 
that  it  is  a valuable  reagent  for  blood  can  scarcely  be  doubted. 
According  to  Pozzi-Escot  (128)  an  alkaline  solution  of  phenolphthalin 
containing  hydrogen  peroxide  is  valueless  as  a reagent  for  blood  for 
the  reason  that  it  ^fields  phenolphthalem  with  the  following  sub- 
stances besides  blood,  viz,  extract  of  malt,  saliva,  ash  of  blood,  pus, 
the  greater  number  of  organic  secretions,  plant  extracts,  certain 
urines  absolutely  free  from  blood,  and  a great  number  of  metalic  salts, 
such  as  those  of  cobalt,  manganese,  iron,  lead,  etc.  These  obseiwa- 
tions do  not  agree  with  our  own  experience  for  at  least  che  greater 
number  of  these  substances.  In  order  to  determine  to  precisely 
what  extent  his  criticisms  are  justified,  however,  I have  recently 
tested  the  conduct  of  sahva,  extract  of  malt,  potato  peel,  horse- 
radish, human  blood,  and  copper  sulfate  towards  the  followmg 
phenolphthalin  reagents : 

1.  The  oxidase  reagent,  containing  0.032  gram  of  phenolphthalin,  with  1 c.  c. 

X 10  sodium  hydroxide,  made  up  wi^h  distilled  water  to  100  c.  c. 

2.  Alkaline  phenolphthalin,  containing  0.032  gram  of  phenolphthalin,  with  21 

c.  c.  of  X 10  sodium  hydroxide,  made  up  with  distilled  water  to  100  c.  c. 
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3.  The  peroxidase  reagent,  containing  0.032  gram  of  phenolphthalin,  with  1 c.  c. 

of  X/10  sodium  hydroxide  and  0.1  c.  c.  of  3 per  cent  hydrogen  peroxide. 

4.  The  alkaline  phenolphthalin — hydrogen  peroxide  reagent,  containing  0.032 

gram  of  phenolphthalin,  21  c.  c.  of  N/10  sodium  hydroxide,  and  0.1  c.  c, 
of  3 per  cent  hydrogen  peroxide,  made  up  with  distilled  water  to  100  c.  c. 

Tubes  were  prepared  containing  2 c.  c.  of  each  of  the  above  reagents 
and  1 c.  c.  of  the  solution  to  be  tested  or  of  distilled  water.  These 
were  allowed  to  stand  for  one  hour  at  ordinaiy  temperature,  at  the 
end  of  which  time  0.2  c.  c.  of  X/10  sodium  hydroxide  was  added  to 
each  of  the  tubes  in  which  reagents  1 and  3 had  been  employed,  and 
the  colors  noted.  The  results  of  these  observations  are  given  in 
Table  I. 

Table  I. 


Substance. 

Color  produced  with  reagent — 

(1) 

(2) 

(3) 

(4) 

Water 

Colorless 

Colorless. 

Very  light  pink 

Very  light  pink. 

Malt  (active) 

Colorless 

Colorless 

Deep  purplish  red 

Very  light  pink.® 

Malt  (boiled) 

Colorless 

Colorless 

Light  pink 

Very  light  pink.® 

Saliva  (active) 

Colorless 

Colorless 

Light  pink 

Very  light  pink.® 

Saliva  (boiled) 

Colorless 

Colorless 

Colorless 

Very  light  pink.® 

Potato  (active) 

Pink 

Yellowish 

Deep  purplish  red 

Light  pinkish  salmon. 

Potato  (boiled) 

Colorless. 

Yellowish. . . 

Yellowish 

Light  pinkish  salmon. 

Blood  (active) 

Colorless 

Pink 

Colorless,  rapidly  becom- 

Deep purplish  red. 

ing  pink  and  then  red. 

Blood  (boiled) 

Colorless 

Pink 

Colorless,  rapidly  becom- 

Deep purplish  red. 

ing  pink  and  then  red. 

Horse-radish  (active). 

Colorless 

Trace  of 

Deep  purplish  red  in- 

Faint pink. 

pink. 

stantly. 

Horse-radish  (boiled). 

Colorless 

Colorless 

Purplish  pink,  much 

Trace  of  pink. 

lighter  than  unboiled 

specimen. 

M/lOOO  copper  sulfate. 

Colorless 

Colorless 

Deep  purplish  red  prac- 

Deep purplish  red. 

tically  instantly. 

a Lighter  than  water  control. 


In  order  to  observe  the  effect  of  allowing  these  substances  to  stand 
in  contact  with  the  alkaline  phenolphthalin  reagent  (2),  certain  of 
these  tubes  were  allowed  to  stand,  and  examined  at  the  end  of  three 


hours  and  twenty-four  hours,  with  the  folio vdng  results: 

Substance. 

Color  produced  with  reagent  (2)  after  standing — 

3 hours. 

24  hours. 

Water 

Colorless 

Trace  of  pink. 

Deep  purplish  red. 
Light  purplish  red. 
Faint  pink. 

Faint  pink. 

Blood  (active) 

Purplish  pink 

Horse-radish  (active) 

Trace  of  pink 

Horse-radish  (boiled) 

Colorless 

M/lOOO  copper  sulfate 

Trace  of  pink 

44 


It  is  evident  from  these  results  that  saliva,  extract  of  malt,  potato 
peel,  horse-radish,  blood,  and  copper  sulfate  conduct  themselves 
very  differently  toward  the  four  phenolphthalin  reagents.  Properly 
interpreted  they  go  to  show,  first,  that  the  potato  peel  contains  both 
an  oxidase  and  a peroxidase;  second,  that  saliva,  extract  of  malt,  and 
horse-radish  contain  a peroxidase;  third,  that  blood  contains  neither 
an  oxidase  nor  a peroxidase,  but  that  both  raw  and  boiled  it  is 
capable  of  oxidizing  phenolphthalin  in  alkaline  solution  either  alone 
or  through  the  agency  of  hydrogen  peroxide;  fourth,  that  copper 
sulfate  at  great  dilutions  contains  nothing  which  acts  like  an  oxidase 
or  peroxidase,  but  that  like  blood  it  is  capable  of  strongly  inducing 
the  oxidation  of  phenolphthalin  in  alkaline  solution  by  hydrogen 
peroxide,  but  that  it  differs  from  blood  in  not  being  able  to  oxidize 
an  alkaline  solution  of  phenolphthalin  alone,  or  if  it  does  so,  it  is  only 
with  extreme  slo^vness  as  compared  with  blood;  and  we  can  readily 
distinguish  between  an  aqueous  extract  of  horse-radish  and  blood, 
the  former  containing  probably  the  most  powerful  peroxidase  knovm, 
by  the  fact  that  it  (horse-radish)  readily  oxidizes  a neutral  solution 
of  phenolphthalin  containing  hydrogen  peroxide,  whereas  blood  does 
not,  and  further  by  the  fact  that  the  peroxidase  of  horse-radish  does 
not  oxidize  either  an  alkaline  solution  of  phenolphthalin  alone  (2) 
or  one  containing  hydrogen  peroxide  (3),  or  at  least  only  with  extreme 
slovmess  as  compared  with  blood,  and  thirdly  by  the  fact  that  the 
slight  oxidizing  power  which  the  peroxidase  of  horse-radish  exhibits 
toward  reagents  (2)  and  (4)  is  entirely  lost  on  boiling,  whereas 
boiled  blood  solutions  are  very  active  toward  both  of  these  reagents. 

Concerning  the  action  of  pus,  it  may  be  said  that  my  own  experience 
has  been  that  pus  differs  from  blood  in  that  it  contains  a true  peroxi- 
dase the  activity  of  which  is  lost  on  boiling.  Thus  I have  found 
unboiled  extracts  of  pus  to  oxidize  reagent  (3),  whereas  with  the 
boiled  extracts  no  oxidation  occurred.  This  has  been  the  experi- 
ence of  other  chemists.  Thus  Brandenburg  (24)  has  observed  that 
pus  contains  a nucleo-proteid  having  the  properties  of  a peroxidase 
and  that  its  peroxidase  activity  is  lost  on  boiling.  Hence,  by  means 
of  the  phenolphthalin  reagents  we  could  readily  distinguish  between 
blood  and  pus. 

Similarly  with  regard  to  urine.  Doctor  Roberts  and  myself  have 
found  that  only  urine  containing  pus  exhibits  true  peroxidase  reac- 
tions. Such  urines  never  oxidize  an  alkaline  solution  of  phenolphtha- 
lin containing  hydrogen  peroxide  unless  they  contain  blood,  and  as 
already  pointed  out  certain  urines  maj  even  contain  blood  and  still  not 
oxidize  phenolphthalin  in  the  presence  of  alkali  and  hydrogen  perox- 
ide, on  account  of  the  presence  of  restraining  (reducing)  substances, 
and  I myself  have  never  encountered  a normal  urine  that  would  show 
either  true  peroxidase  reactions  or  that  would  induce  the  oxidation 
of  an  alkaline  solution  of  phenolphthalin  by  hydrogen  peroxide. 
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The  following  observations  have  been  made  on  the  effect  of  evapora- 
tion and  incineration  on  the  power  of  blood  and  copper  sulfate  to 
induce  the  oxidation  of  an  alkaline  solution  of  phenolphthalin  by 
hydrogen  peroxide: 

A solution  of  blood  was  prepared  containing  4.4  milligrams  of 
human  blood  in  100  c.  c.,  and  also  a M/1000  solution  of  copper  sulfate. 

1.  1 c.  c.  portions  of  each  of  these  solutions  were  evaporated  to  dryness  on  a 

steam  bath  in  platinum  dishes;  the  residues  were  then  dissolved  in  1 

c.  c.  of  water  and  2 c.  c.  of  reagent  (4)  added. 

2.  1 c.  c.  portions  of  each  of  these  solutions  were  evaporated  to  dryness  on  the 

steam  bath  in  platinum  dishes  and  incinerated  at  a low  red  heat;  the  resi- 
dues were  then  treated  with  1 c.  c.  of  water  and  2 c.  c.  of  reagent  (4)  added. 

By  way  of  comparison,  tubes  were  prepared  containing — 

V 

3.  1 c.  c.  of  distilled  water  and  2 c.  c.  of  reagent  (4). 

4.  1 c.  c.  of  the  blood  solution  and  2 c.  c.  of  reagent  (4). 

5.  1 c.  c.  of  the  M/1000  copper  sulfate  solution  and  2 c.  c.  of  reagent  (4). 

At  the  end  of  five  minutes  these  tubes  showed  the  following 
colors : 


Color. 

Tube. 

Water. 

i 

Blood. 

Copper  sulfate. 

Number  1 j 

Deep  red  (slow) 

Deep  purplish  red. 
Deep  purplish  red. 

Number  2 



Faint  pink 

Number  3 . . . . 1 

Faint  pink 

Number  4 

Deep  purplish  red 

Number  ri 

Deep  purplish  red. 

e see,  therefore,  that  as  the  result  of  evaporation  blood  loses 
some  of  its  oxidizing  power,  whereas  the  activity  of  copper  sulfate, 
as  might  be  expected,  remains  undiminished.  On  incineration, 
blood  loses,  completely  or  nearly  so,  its  power  to  induce  the  oxida- 
tion of  an  alkaline  solution  of  phenolphthalin  by  hydrogen  peroxide; 
whereas  the  activity  of  copper  sulfate  suffers  practically  no  change 
as  the  result  of  incineration. 

The  effect  of  evaporation  and  incineration  on  the  oxidizing  power 
of  blood  towards  alkaline  phenolphthalin  alone,  reagent  (2)  was 
also  tried.  1.  1 c.  c.  of  the  blood  solution  containing  0.044  milligram 
of  blood  was  mixed  with  2 c.  c.  of  reagent  (2).  2.  The  residue  left 

from  the  evaporation  of  1 c.  c.  of  this  same  blood  solution  was  dis- 
solved in  1 c.  c.  of  water  and  2 c.  c.  of  reagent  (2)  added.  3.  The  ash 
left  from  the  incineration  of  1 c.  c.  of  the  same  blood  solution  was 
dissolved  in  1 c.  c.  of  distilled  water  and  2 c.  c.  of  reagent  (2)  added. 
After  twent}-four  hours  these  tubes  showed  the  following  colors: 

1.  Deep  red. 

2.  Light  red. 

3.  Faint  trace  of  pink. 
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Hence  we  see  again  that  the  effect  of  evaporation  is  to  lessen  the 
oxidizing  power  of  blood  and  the  effect  of  incineration  is  to  destroy 
it  or  at  least  to  lessen  it  very  greatly. 

Further,  in  order  to  determine  to  what  extent  the  salts  of  the 
heav\'  metals  might  be  confused  with  blood,  the  conduct  of  a number 
of  these  substances  toward  an  alkaline  solution  of  phenolphthalin, 
with  and  without  hydrogen  peroxide,  has  been  studied.  Solutions 
of  the  several  salts  named  in  the  following  tables  were  prepared  by 
dissolving  10  milligrams  of  each  of  these  salts  in  100  c.  c.  of  distilled 
water.  These  were  then  compared  as  to  oxygen-carrying  power 
toward  reagents  (2)  and  (4)  with  a solution  of  human  blood  con- 
taining 10  milligrams  of  blood  in  100  c.  c.  Tubes  were  prepared 
containing  2 c.  c.  of  the  reagent  and  1 c.  c.  of  water,  blood,  or  the 
solution  of  the  salt. 

The  results  obtained  with  reagent  (2),  alkaline  phenolphthahn, 
are  given  in  Table  II: 

Table  II. 


Xum- 
ber  of 
tube. 

Substance. 

Color. 

Immediate. 

After  1 hour. 

After  24  hours. 

1 

Water 

Colorless 

Colorless. . : 

Trace  of  pink. 

2 

Blood 

Colorless | 

Deep  pink 

Deep  purplish  red. 

3 

Cbromic  alum ■ 

Colorless 

Colorless 

Colorless. 

4 ^ 

Potassium  cbromate : 

Yellow 

F amt  yellowish. . . 

Faint  pink. 

5 

Potassium  dicbromate 

Light  yellow...  .. . 

Faint  yellow 

Faint  yellow. 

6 

Perrous  suKate 

Faint  yellow 

F aint  yellow 

Yellowish. 

7 

Ferrous  ammonium  sulfate 1 

Faint  yellow 

Faint  yellow. 

Yellowish. 

8 

Ferric  alum 

Faint  yellow 

Faint  yellow 

Faint  yellowish. 

9 

Potassimn  f errocyanide 

Light  pink 

Faint  pmk 

Light  pmk. 

10 

Potassium  ferricyanide 

Deep  purplish  red. 

Deep  purplish  red. 

Deep  purplish  red. 

Sodium  nitroprusside ■ 

F amt  trace  of  pink . 

1 F aint  yellowish . . . 

, Reddish  purple. 

12' 

Nickel  nitrate.. 

Colorless 

; Colorless 

Faint  pink. 

13 

j Cobalt  cbloride 

Colorless 

Colorless 

Trace  of  pink. 

14 

i Cupric  chloride 

Faint  pink 

Trace  of  pink 

Light  pmk;  brown 
precipitate. 

15 

: Cupric  sulfate 

! Trace  of  pink 

' Trace  of  pink 

Faint  pink;  brown 
precipitate. 

16 

1 Cupric  sulfate,  M/1000 

Trace  of  pink 

Trace  of  pink 

Light  pink;  brown 
precipitate. 

17 

: Manganous  sulfate 

i YeUow 

Yellowish 

; Trace  of  pink;  brown 
precipitate. 

IS 

Manganous  chloride 

Yellowish 

Yellowish 

Trace  of  pink;  brown 
i precipitate. 

19 

Silyer  nitrate 

1 

1 Faint  pink 

Reddish 

^ Reddish  brown. 

20 

Mercuric  chloride 

Colorless 

Colorless 

Faint  pmk. 
Faint  pmk. 
F amt  pink. 

21 

Lead  chloride  

Colorless 

Colorless 

22 

Lead  acetate 

' Colorless 

j Colorless 

23 

; Potassium  chlorplattnate 

I Colorless 

Faint  pink 

Decided  pink. 

24 

Sodium  chloride 

Colorless 

Colorless 

Trace  of  pmk. 

25 

! Potassium  nitrate 

Colorless 

Colorless 

Trace  of  pink. 
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In  order  to  form  a better  idea  of  the  extent  of  the  oxidation  in 
certain  of  these  solutions,  the  following,  Nos.  1,  9,  10,  11,  and  23, 
were  compared  in  the  Duboscq  colorimeter  with  solution  No.  2,  con- 
taining blood,  with  the  following  results : 


Solution. 

Substance. 

1 

. Readings  on  colorimeter  scale. 

Substance. 

' Blood  (No.  2). 

Number  1 

Water 

! 10 

0.1 

Number  9 

Potassium  ferrocyanide 

1 

10 

.4 

Number  10 

Potassium  ferricyanide 

' 10 

2.0 

Number  11 

Sodium  nitroprusside 

. ' 10 

2.0 

^umber  23 

Potassium  cblorplatinate 

10 

1 

.7 

Or,  in  terms  of  the  color  of  the  solution  of  blood  arbitrarily  made 
equal  to  100,  the  colors  produced  with  the  other  substances  have  the 
following  values : 


1 

Substance. 

Color. 

Blood 

100 

Water 

1 

Potassium  ferrocyanide 

4 

Potassium  cblorplatinate 

7 

Potassium  ferricyanide 

20 

Sodium  nitroprusside 

20 

It  is  evident  from  these  results  that  at  the  concentration  of  100 
milligrams  per  liter  none  of  the  23  substances  investigated  have  an 
oxygen-carrying  power  towards  alkaline  phenolphthalin  at  all  com- 
parable vuth  that  of  blood,  only  3 out  of  the  23  showing  decided 
oxidizing  power,  viz,  silver  nitrate.  No.  19,  potassium  ferricyanide 
No.  10,  and  sodium  nitroprusside.  No.  11,  and  even  with  these  only 
one-fifth  as  much  phenolphthalein  was  produced  as  with  blood. 
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The  results  obtained  with  reagent  (4),  alkaline  phenolphthalin 
containing  hydrogen  peroxide,  are  given  in  Table  III: 

Table  III. 


No.  of 
Tube. 


Substance. 


Color,  after  fifteen  minutes. 


Water 

Blood 

Chromic  alum 

Potassium  chromate 

Potassium  dichromate 

Ferrous  sulfate 

Ferrous  ammonium  sulfate. 

Ferric  alum 

Potassium  ferrocyanide 

Potassium  ferricyanide 

Sodium  nitroprusside 

Nickel  nitrate 

Cobalt  chloride 

Cupric  chloride 

Cupric  sulfate 

Cupric  sulfate,  M/1000 

Manganous  sulfate 

Manganous  chloride 

Silver  nitrate 

Mercuric  chloride 

Lead  chloride 

Lead  acetate 

Potassium  chlorplatinate... 

Sodium  chloride 

Potassium  nitrate 


Faint  trace  of  pink. 
Deep  purplish  red. 
Deep  pink. 

Faint  trace  of  pink. 
Faint  pink. 

Faint  trace  of  pink. 
F aint  trace  of  pink. 
F aint  trace  of  pink. 
Faint  trace  of  pink. 
Decided  pink. 

Trace  of  pink. 

Faint  trace  of  pink. 
Faint  yellowish. 
Deep  purplish  red. 
Deep  red. 

Deep  purplish  red. 
Yellowish. 
Yellowish. 
Brownish,  turbid. 
Decided  pink. 
Decided  pink. 

Trace  of  pink. 

Trace  of  pink. 

Trace  of  pink. 

Faint  trace  of -pink. 


The  only  substances,  therefore,  showing  decided  oxygen-carrying 
power  towards  reagent  (4)  are  blood,  copper  salts,  and  chromic  alum, 
in  order  of  activity.  Mercuric  chloride,  Xo.  20,  lead  chloride,  Xo.  21, 
and  potassium  ferricyanide,  Xo.  10,  also  show  some  oxygen-carr}ung 
power;  this  is  slight,  however,  as  compared  with  blood. 

A comparison  of  the  conduct  of  such  of  these  substances  as  show 
certain  resemblances  to  blood,  towards  the  two  phenolphthalin 
reagents,  reveals  certain  interesting  differences  between  such  sub- 
stances and  blood.  Thus  we  see  that  while  silver  nitrate  oxidizes 
phenolphthalin  in  alkaline  solution  it  fails  to  oxidize  it  when  hydrogen 
peroxide  is  present.  As  already  pointed  out,  copper  salts  rapidly 
oxidize  an  alkaline  solution  of  phenolphthalin  containing  hydrogen 
peroxide,  but  fail  to  oxidize  it  in  the  absence  of  hydrogen  peroxide, 
or  oxidize  it  very  slowly,  much  more  slowly  than  blood.  Chromic 
alum  also  oxidizes  an  alkaline  solution  of  phenolphthalin  containing 
hydrogen  peroxide,  but  failed  to  oxidize  it  in  the  absence  of  the 
peroxide.  Potassium  clilorplatinate  oxidizes  an  alkaline  solution 
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of  phenolplithalin,  but  fails  to  oxidize  it  when  hydrogen  peroxide  is 
present.  Lead  and  mercuric  chlorides  oxidize  it  slowly  when  hydro- 
gen peroxide  is  present,  hut  fail  to  oxidize  an  alkaline  solution  of 
phenolphthalin  alone.  Potassium  ferricyanide  rather  rapidly  oxi- 
dizes an  alkaline  solution  of  phenolphthalin  in  the  absence  of  hydrogen 
peroxide,  but  oxidizes  it  more  slowly  when  hydrogen  peroxide  is 
present.  In  other  words,  despite  the  fact  that  a few  of  the  salts  of 
the  heaA^  metals  exhibit  certain  resemblances  to  blood  in  their 
conduct  toward  one  or  the  other  phenolphthalin  reagents,  it  would 
seem  that  when  tested  with  both  reagents  they  all  display  certain 
well-marked  differences  from  blood,  whereby  we  coidd  readily  tell 
the  difference  between  blood  and  any  one  of  these  substances.  It 
might  be  possible  to  prepare  a solution  or  a stain  which  could  not  be 
told  from  a solution  of  blood  or  a blood  stain  b}^  means  of  the  phenol- 
phthalin  reagents,  but  up  to  this  time  such  a solution  or  stain  lias 
not  been  encountered. 

To  attempt,  therefore,  to  convey  the  impression  that  phenol- 
phthalin is  without  utility  as  a reagent  for  blood  and  the  oxidases, 
as  has  been  done  by  Pozzi-Escot,  appears  to  me  to  be  entirely  unwar- 
ranted and  unjustifiable  in  the  light  of  the  facts.  As  a matter  of 
fact,  all  really  delicate  tests  have  to  be  controlled  and  used  Vvuth 
considerable  circumspection  and  discrimination  in  order  to  arrive 
at  the  proper  conclusion  from  the  findings,  and  it  not  infrequently 
happens  that  the  less  one  knows  of  analytical  methods  the  more 
certain  he  is  of  the  results  of  the  analysis. 

THE  EXAMINATION  OF  A NUMBER  OF  UNKNOWN  STAINS  BY 
MEANS  OF  THE  PHENOLPHTHALIN  REAGENTS. 

In  order  to  form  a better  idea  of  the  practical  utility  of  the  alkaline 
phenolphthalin  reagents  (2)  and  (4),  in  the  actual  examination  of 
blood  spots,  25  spots  or  stains  upon  filter  paper,  not  exceeding  4 
square  millimeters  in  area,  were  prepared  by  Mr.  Elvove,  one  of  the 
workers  in  the  Chemical  Division  of  the  Hygienic  Laboratory,  and 
submitted  to  the  writer  for  examination.  At  the  time  of  the  examina- 
tion the  nature  and  composition  of  the  stains  were  known  only  to 
Mr.  Elvove.  Within  two  hours  after  these  unknown  stains  had  been 
submitted  to  the  writer  three  of  them,  viz.  Nos.  3,  12  and  17,  had 
been  found  to  contain  blood,  and  Nos.  1,  2,  5,  11,  22,  and  25  had  been 
found  to  contain  artificial  coloring  matters,  whereas  the  remaining 
specimens  were  found  to  contain  neither  blood  nor  a soluble  dye,  the 
solubility  in  water,  color  of  the  aqueous  solution,  and  conduct 
towards  alkaline  phenolphthalin,  with  and  without  hydrogen  peroxide, 
being  the  only  means  employed  in  arriving  at  these  conclusions.  In 
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the  following  table  is  given  the  composition  of  the  stains  submitted 
by  Mr.  Elvove,  together  with  the  results  of  my  examination: 


No.  of 
stain. 


Composition  of  stain,  furnished  by  Elvove. 


Pound  by  Kastle. 


1 

2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 
-U7 

IS 

19 

20 
21 
22 

23 

24 
23 


Aniline  red  and  jeweler’s  rouge  a . . . 

Benzopurpurin 

Rabbit  blood 

Burnt  sienna 

Cochineal  and  jeweler’s  rouge 

C upric  f errocy  anide 

Cupric  oxide 

Cuprous  oxide 

Mercuric  iodide  and  jeweler’s  rouge 
Mercuric  oxide  and  jeweler's  rouge. 

Brick  red  ink  (Higgins) 

Human  blood 

Indian  red 

Jeweler’s  rouge 

Manganous  manganite 

Manganese  dioxide 

Mouse  blood 

Red  paint 

Litharge  and  jeweler’s  rouge 

Lead  peroxide  and  jeweler’s  rouge. , 

Potassium  permanganate 

Red  ink 

Silver  chromate 

Silver  oxide  and  jeweler’s  rouge 

Vermillion 


Artificial  coloring  matter. 

Do. 

Blood. 

Artificial  coloring  matter. 


Artificial  coloring  matter. 
Blood. 


Blood. 


Artificial  coloring  matter. 


Artificial  coloring  matter. 


a Wherever  jeweler's  rouge  was  used  with  another  substance,  approximately  equal  volumes  of  the  two 
substances  were  mixed  together  and  a sample  of  the  mixture  taken. 


The  results  of  these  tests  are  sufhcient  to  give  an  idea  of  the 
practical  utility  of  the  phenolphthalin  tests  for  blood.  By  no  other 
method,  unless  it  may  possibly  be  the  spectroscopic  or  precipitin 
tests,  could  these  stains  have  been  examined  in  the  time  actually 
consumed  in  making  these  tests  with  phenolphthalin.  A further 
point  of  interest  in  connection  with  the  general  utility  of  phenolph- 
thalin as  a reagent  for  blood  is  that  a number  of  vigorous  oxidizimg 
agents  and  powerful  oxygen-carriers  entered  into  the  composition  of 
the  stains  prepared  by  Mr.  Elvove,  and  yet  no  difficulty  was  ex- 
perienced in  determining  which  of  these  contained  blood,  despite  the 
fact  that  in  most  cases  the  original  colors  of  the  various  stains 
matched  so  closely  that  only  the  most  expert  examination  could 
detect  any  differences  in  their  color  and  general  appearance. 
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The  Hygienic  Laboratory  was  established  in  New  Y’ork,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a new  laboratory  building,  located  in  Washington, 
was  authorized  by  act  of  Congress,  March  3,  1901. 

The  following  hulUtins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Hosp. 
Serv.,  Wash.]  have  been  issued: 
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*No.  6. — Disinfection  against  mosquitoes  with  formaldehyde  and  sulphur  dioxid. 
By  M.  J.  Rosenau. 

No.  7. — Laboratory  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Microphotography 
with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress  approved  July  1,  1902,  the  name  of  the  ‘M'nited  States  Marine- 
Hospital  Ser\dce  '’  was  changed  to  the  ‘‘Public  Health  and  Marine-Hospital  Service  of 
the  United  States,”  and  three  new  dhdsions  were  added  to  the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Laboratory 
have  been  continued  in  the  same  numerical  order,  as  follows: 

*No.  8. — Laboratory  course  in  pathology  and  bacteriology.  By  M.  J.  Rosenau. 
(Re^-ised  edition,  March,  1904.) 

*No.  9. — Presence  of  tetanus  in  commercial  gelatin.  By  John  F.  Anderson. 

No.  10. — Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  dis- 
ease (uncinariasis  or  anchylostomiasis)  in  the  I'nited  States.  By  Ch.  Warded  Stiles. 

*No.  11. — An  expeiimental  investigation  of  Trypanosoma  leidsi.  By  Edward 
Francis. 

*No.  12.  — The  bacteriological  impurities  of  vaccine  ^'irus;  an  experimental  study. 
By  M.  J.  Rosenau. 

*No.  13. — A statistical  study  of  the  intestinal  parasites  of  500  white  male  patients 
at  the  L'nited  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Bray- 
ton  H.  Ransom,  and  Earle  C.  Stevenson.  A parasitic  roundworm  {Agamovnermis 
culicis  n.  g.,  n.  sp.  1 in  American  mosquitoes  {Culex  sollicitans)]  by  Ch.  Warded  Stiles. 
The  tA-pe  species  of  the  cestode  genus  Hymenolepis;  by  Ch.  Warded  Stiles. 

No.  14. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a new  disease.  By 
John  F.  Anderson. 

*No.  15. — Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.  By  Allan 
J.  McLaughlin. 

■*No.  16. — The  antiseptic  and  germicidal  properties  of  glycerin.  By  M.  J.  Rosenau. 

*No.  17. — Illustrated  key  to  the  trematode  parasites  of  man.  By  Ch.  Warded  Stiles. 

*No.  18. — An  account  of  the  tapeworms  of  the  genus  Eymenolepis  parasitic  in  man, 
including  reports  of  several  new  cases  of  the  dwarf  tapeworm  {H.  nana)  in  the  Ignited 
States.  By  Branon  H.  Ransom. 
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*No.  19. — A method  for  inoculating  animals  with  precise  amounts.  By  M.  J. 
Rosenau. 

*Xo.  20. — A zoological  investigation  into  the  cause,  transmission,  and  source  of 
Rocky  Mountain  “spotted  fever.”  By  Ch.  Wardell  Stiles. 

*No.  21. — The  immunity  unit  for  standardizing  diphtheria  antitoxin  (based  on 
Ehrlich’s  normal  serum).  Official  standard  prepared  under  the  act  approved  July 
1,  1902.  By  M.  J.  Rosenau. 

*Xo.  22. — Chloride  of  zinc  as  a deodorant,  antiseptic,  and  germicide.  By  T.  B. 
McClintic. 

*Xo.  23. — Changes  in  the  Pharmacopoeia  of  the  United  States  of  America.  Eighth 
Decennial  Re\dsion.  By  Reid  Hunt  and  Murray  Galt  Motter. 

Xo.  24. — The  International  Code  of  Zoological  Xomenclature  as  applied  to  medi- 
cine. By  Ch.  Wardell  Stiles. 

*Xo.  25. — Illustrated  key  to  the  cestode  parasites  of  man.  By  Ch.  Wardell  Stiles. 

*Xo.  26. — On  the  stability  of  the  oxidases  and  their  conduct  toward  various  reagents. 
The  conduct  of  phenolphthalein  in  the  animal  organism.  A test  for  saccharin,  and 
a simple  method  of  distinguishing  between  cumarin  and  vanillin.  The  toxicity  of 
ozone  and  other  oxidizing  agents  to  lipase.  The  influence  of  chemical  constitution 
on  the  lipolytic  hydrolysis  of  ethereal  salts.  By  J.  H.  Kastle. 

*Xo.  27. — The  limitations  of  formaldehyde  gas  as  a disinfectant  with  special  refer- 
ence to  car  sanitation.  By  Thomas  B.  McClintic. 

*Xo.  28. — A statistical  study  of  the  prevalence  of  intestinal  worms  in  man.  By 
Ch.  Wardell  Stiles  and  Philip  E.  Garrison. 

*Xo.  29. — A study  of  the  cause  of  sudden  death  following  the  injection  of  horse 
serum.  By  M.  J.  Rosenau  and  John  F.  Anderson. 

Xo.  30. — I.  Maternal  transmission  of  immunity  to  diphtheria  toxine.  II.  Mater- 
nal transmission  of  immunity  to  diphtheria  toxine  and  hypersusceptibility  to  horse 
serum  in  the  same  animal.  By  John  F.  Anderson. 

Xo.  31. — Variations  in  the  peroxidase  activity  of  the  blood  in  health  and  disease. 
By  Joseph  H.  Kastle  and  Harold  L.  Amoss. 

Xo.  32. — A stomach  lesion  in  guinea  pigs  caused  by  diphtheria  toxine  and  its 
bearing  upon  experimental  gastric  ulcer.  By  M.  J.  Rosenau  and  John  F.  Anderson. 

*Xo.  33. — Studies  in  experimental  alcoholism.  By  Reid  Hunt. 

*Xo.  34. — I.  Agamofilaria  georgiana  n.  sp.,  an  apparently  new  roundworm  parasite 
from  the  ankle  of  a negress.  II.  The  zoological  characters  of  the  roundworm  genus 
Filaria  Mueller,  1787.  III.  Three  new  American  cases  of  infection  of  man  with  horse- 
hair worms  (species  Paragordius  varius),  with  summary  of  all  cases  reported  to  date. 
By  Ch.  Wardell  Stiles. 

*Xo.  35. — Report  on  the  origin  and  prevalence  of  typhoid  fever  in  the  District  of 
Columbia.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle.  (Including 
articles  contributed  by  Ch.  Wardell  Stiles,  Joseph  Goldberger,  and  A.  M.  Stimson.) 

Xo.  36. — Further  studies  upon  hypersusceptibility  and  immunity.  By  M.  J. 
Rosenau  and  John  F.  Anderson. 

*Xo.  37. — Index-catalogue  of  medical  and  veterinary  zoology.  Subjects;  Trema- 
toda  and  trematode  diseases.  By  Ch.  Wardell  Stiles  and  Albert  Hassall. 

Xo.  38. — The  influence  of  antitoxin  upon  post-diphtheritic  paralysis.  By  M.  J. 
Rosenau  and  John  F.  Anderson. 

Xo.  39. — The  antiseptic  and  germicidal  properties  of  solutions  of  formaldehyde 
and  their  action  upon  toxines.  By  John  F.  Anderson. 

Xo.  40. — 1.  The  occurrence  of  a proliferating  cestode  larva  {Sparganum  proliferum) 
in  man  in  Florida,  by  Ch.  Wardell  Stiles.  2.  A reexamination  of  the  type  specimen 
of  Filaria  restiformis  Leidy,  18S0=Agamomermis  restiformis,  by  Ch.  Wardell  Stiles. 
3.  Observations  on  two  new  parasitic  trematode  worms:  Homalogaster  philippinensis 
n.  sp.,  Agamodistomum  nanus  n.  sp.,  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 
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4.  A reexamination  of  the  original  specimen  of  Taenia  saginata  abietina  (Weinland, 
1858),  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 

*No.  41. — Milk  and  its  relation  to  the  public  health.  By  various  authors. 

No.  42. — The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.  J.  Rosenau. 

No.  43. — The  standardization  of  tetanus  antitoxin  (an  American  unit  established 
under  authority  of  the  act  of  July  1,  1902).  By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  44. — Report  No.  2 on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia,  1907.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 

No.  45. — Further  studies  upon  anaphylaxis.  By  M.  J.  Rosenau  and  John  F. 
Anderson. 

No.  46. — Hepatozoon  perniciosum  (n.  g.,  n.  sp.);  a haemogregarine  pathogenic  for 
white  rats;  with  a description  of  the  sexual  cycle  in  the  intermediate  host,  a mite 
{Maps  echidninus).  By  W.  W.  Miller. 

No.  47. — Studies  on  Thyroid:  I.  The  relation  of  iodine  to  the  physiological  activity 
of  thyroid  preparations.  By  Reid  Hunt  and  Atherton  Seidell. 

No.  48. — The  physiological  standardization  of  digitalis.  By  Charles  Wallis  Ed- 
munds and  Worth  Hale. 

No.  49. — Digest  of  comments  on  the  United  States  Pharmacopoeia.  Eighth  decen- 
nial revision  for  the  period  ending  December  31,  1905.  By  Murray  Galt  Motter  and 
Martin  I.  Wilbert. 

No.  50.— Further  studies  upon  the  phenomenon  of  anaphylaxis.  By  M.  J.  Rosenau 
and  John  F.  Anderson. 

No.  51. — Report  No.  3 on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 

No.  52. — Chemical  tests  for  blood.  By  Joseph  H.  Kastle. 

In  citing  these  bulletins,  beginning  with  No.  8,  bibliographers  and  authors  are 

requested  to  adopt  the  following  abbreviations:  Bull.  No.  , Hyg.  Lab.,  U.  S. 

Pub.  Health  & Mar.  Hosp.  Serv.,  Wash.,  pp. . 

MAILING  LIST. 

The  Service  will  enter  into  exchange  of  publications  with  medical  and  scientific 
organizations,  societies,  laboratories,  journals,  and  authors.  All  applications  for 
THESE  publications  SHOULD  BE  ADDRESSED  TO  THE  “ SuTgeoii-General,  U.  S. 
Public  Health  and  Marine-Hospital  Service,  Washington,  D.  C.,”  except 

THOSE  MARKED  (*). 
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INTRODUCTION. 


By  request  of  the  Commissioners  of  the  District  of  Columbia  the 
undersigned  were  appointed  a board  b}^  the  Surgeon-General  of 
the  Public  Health  and  Marine-Hospital  Service  on  July  2,  1906, 
for  the  purpose  of  making  an  investigation  of  the  origin  and  preva- 
lence of  t}"phoid  fever  in  the  District  of  Columbia  Since  that  date 
this  investigation  has  been  continuous,  and  this  bulletin  gives  the 
results  of  our  studies  on  typhoid  fever  in  the  District  of  Columbia 
during  the  season  of  1908.  Our  first  report  on  the  subject,  for  the 
5^ear  1906,  is  contained  in  Hygienic  Laboratory  Bulletin  No.  35,  and 
our  second  report,  that  for  1907,  in  Hygienic  Laboratory  Bulletin 
No.  44. 

This  5^ear  our  studies  included  a continuation  of  the  epidemio- 
logical investigations  of  the  disease  during  the  t}q)hoid-fever  season. 
This  makes  the  third  consecutive  j^ear  of  these  studies.  The  data 
for  the  epidemiological  part  of  the  work  were  collected  by  one  of  us 
(Lumsden) . Special  mention  is  made  of  this  fact  for  the  reason  that 
we  believe  that  differences  between  the  results  for  any  two  of  the 
three  years  may  be  attributed  to  differences  in  conditions,  as  the 
factors  of  personal  equation  have  not  varied. 

In  addition  to  the  epidemiological  data  collected  from  personal 
visits  to  every  case  reported  during  the  t3rpho:d  season  (May  1 to 
November  1)  we  made  during  that  season  bacteriological  examina- 
tions of  the  raw  and  filtered  Potomac  River  waiter,  also  numerous 
examinations  of  the  tap  water,  the  applied  water,  etc. 

At  the  suggestion  of  Professor  Sedgwick,  made  at  the  meeting  of 
the  advisory  board  of  the  Hygienic  Laboratory,  we  made  an  intensive 
stud}^  of  the  problem  in  a selected  district  comprising  32  city  blocks 
and  containing  5,300  persons.  This  stud}^  was  made  by  Passed 
Assistant  Surgeon  Norman  Roberts.  We  found  no  cases  of  clinical 
typhoid  fever  among  these  people  which  had  not  been  diagnosed  as  ' 
such  and  reported  to  the  health  officer.  A special  search  was  also 
made  for  bacillus  carriers  in  this  area.  Specimens  of  feces  were  col- 
lected from  about  1,000  healthy  persons  and  examined  for  the  pres- 
ence of  t}qfiioid  bacilli.  Most  of  these  examinations  were  made  by 
Assistant  Surgeon  W.  W.  Miller,  assisted  by  Dr.  Walter  D.  Cannon. 
Three  of  the  specimens — one  of  urine  and  two  of  feces — were  found 
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to  contain  typhoid  bacilli.  The  facts  and  conclusions  of  that  work 
are  fully  discussed  in  the  text. 

Upon  our  request,  Dr.  L.  O.  Howard,  Chief  of  the  Bureau  of 
Entomology,  Department  of  Agriculture,  made  a study  of  fly  abun- 
dance in  relation  to  the  prevalence  of  typhoid  fever  in  the  District 
of  Columbia.  But  little  connection  between  the  germ  of  typhoid 
fever  and  the  fly  as  its  disseminator  could  be  made  out. 

The  prevalence  of  typhoid  fever  in  the  District  of  Columbia  showed 
but  slight  differences  between  the  two  years  1907  and  1908.  Our 
studies  showed  that  about  50  per  cent  of  the  cases  during  the  typhoid 
seasons  of  these  two  years  were  definitely  attributable  to  importa- 
tion, contact  with  previous  cases  in  the  febrile  stage  of  the  disease, 
and  to  infected  milk. 

The  evidence  strongly  suggests  that  more  cases  were  due  to  per- 
sonal contact  and  to  infected  milk  than  were  traceable  to  these 
factors. 

The  city  water  supply  during  the  typhoid  seasons  of  these  two 
years  was,  according  to  bacteriological  standards,  of  good  sanitary 
quality,  and  it  does  not  seem  probable  that  such  water  could  have 
been  directly  responsible  for  more  than  an  insignificant  part  of  the 
infection.  We  believe,  therefore,  that  in  order  to  cause  a further 
and  a marked  reduction  in  the  prevalence  of  typhoid  fever  in  Wash- 
ington it  will  be  necessary  to  carry  out  measures  to  prevent  the 
conveyance  of  infection  by  milk  and  by  personal  contact.  Our 
studies  indicate  that  if  the  market  milk  supplied  the  city  were  pas- 
teurized under  official  supervision,  and  an  efficient  campaign  made 
to  diminish  contact  infection,  there  would  result  a very  great  diminu- 
tion in  the  amount  of  typhoid  fever  in  the  District  of  Columbia. 

It  is  beginning  to  be  realized  generally  that  the  solution  of  the 
typhoid-fever  problem  and  the  final  suppression  of  the  disease 
depend  upon  accurate  knowledge  gained  by  special  studies  of  the 
disease  in  endemic  areas  rather  than  by  the  necessarily  hurried 
studies  of  acute  outbreaks.  For  a full  appreciation  of  the  typhoid- 
fever  problem  in  Washington  it  is  necessary  to  have  comparable 
data  from  other  cities.  It  is  therefore  gratifying  to  note  that  care- 
ful and  valuable  studies  of  this  particular  problem  are  being  made 
in  at  least  three  other  large  American  cities — Richmond,  Va.,  Pitts- 
burg, Pa.,  and  Baltimore,  Md. 

Levy  and  Freeman®  have  contributed  a particularly  valuable 
report  on  typhoid  fever  at  Richmond,  Va. 

In  Pittsburg  the  typhoid  situation  is  being  studied  by  a typhoid- 
fever  commission  composed  of  Drs.  J.  F.  Edwards,  W.  T.  Sedgwick, 

« Levy,  Ernest  C.,  and  Freeman,  Allen  W. : Certain  conclusions  concerning  typhoid 
fever  in  the  South,  as  deduced  from  a study  of  typhoid  fever  in  Richmond,  Va.  Old 
Dominion  Journ.  Med.  and  Surg.,  vol.  7,  Nov.,  1908. 
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Samuel  G.  Dixon,  John  TT.  Boyce,  and  Milton  J.  Rosenau,  assisted 
by  Dr.  E.  G.  Matson  and  Messrs.  Frank  E.  Wing  and  Morris  Knowles, 
under  the  patronage  of  the  Russell  Sage  Foundation.  The  report 
on  the  Pittsburg  situation  has  not  yet  been  published,  the  work  is 
still  in  progress. 

A ver}^  interesting  and  instructive  review  of  the  t3^phoid-fever 
situation  in  Baltimore,  Md.,  for  the  four  j^ears  1904,  1905,  1906, 
and  1907  is  presented  by  Dr.  C.  Hampson  Jones  in  the  annual  report 
of  the  health  department  of  the  cit}"  of  Baltimore,  Md.,  for  1907. 

We  again  wish  to  acknowledge  our  indebtedness  to  Dr.  William  C. 
Woodward,  health  officer  of  the  District  of  Columbia,  for  assistance 
and  many  courtesies;  also,  to  the  authorities  of  the  various  hospitals. 

We  have  again  profited  by  consultation  with  the  advisory  board 
of  the  Hygienic  Laboratory.  At  a recent  meeting  of  the  members 
of  that  board  our  findings  and  general  conclusions  for  this  report 
were  reviewed. 

M.  J.  Rosenau, 

Director  Hygienic  Laboratory , Chairman, 

L.  L.  Lumsdex, 

Passed  Assistant  Surgeon. 

Joseph  H.  Kastle, 

Chief  of  Division  of  Chemistry,  Recorder, 

United  States  Public  Health  and  Marine- Hospital  Service. 

Washington,  D.  C.,  April  16, 1909. 


Report  No.  3 on  the  Origin  and  Prevalence  of  Typhoid 
Fever  in  the  District  of  Columbia  (1908).“ 

In  1908,  as  in  1907,^  our  study  of  the  prevalence  of  typhoid  fever 
in  the  District  of  Columbia  comprised  an  epidemiological  investiga- 
tion of  all  cases  of  typhoid  fever  reported  to  the  District  health  office 
during  the  period  extending  from  May  1 to  November  1.  In  both 
years  we  have  made  an  especial  study  of  the  cases  reported  in  this 
period,  because  typhoid  fever  in  the  District  of  Columbia  during 
these  six  months  is  much  more  prevalent  than  in  the  other  months  of 
the  year.  Usually  about  70  per  cent  of  the  cases  for  the  whole  year 
are  reported  in  this  period. 

Front  May  1 to  November  1,  1908,  there  were  reported  679  cases  as 
gainst  675  cases  for  the  corresponding  period  of  1907.  Of  the  cases  in 
the  1908  period  8 were  abandoned  because  no  accurate  information 
in  regard  to  them  could  be  obtained  and  6 were  dropped  from  our 
records  because  the  diagnosis  was  determined  by  autopsy  or  by 
further  clinical  observation  to  be  incorrect.  Deducting  these  14 
cases  from  the  679,  there  are  left  665  cases  for  consideration  in  this 
report. 

DIAGNOSIS. 

This  year,  as  in  1907,  it  was  not  practicable  for  us  to  study  the 
cases  in  clinical  detail;  but,  judging  by  the  histories  obtained  in  fre- 
quent instances,  the  results  of  blood  cultures,  Widal  tests,  etc.,  we 
are  of  the  opinion  that  again  some  of  the  cases  were  incorrectly 
diagnosed  and  should  not  have  been  placed  on  the  records  as  cases 
of  typhoid  fever. 

Reasoning  along  very  general  lines,  after  our  study  of  the  situation 
in  1907,  we  presented  the  view  (Hyg.  Lab.  Bull.  44,  Report  No.  2, 
p.  12)  that  the  number  of  cases  of  typhoid  fever  in  the  District  of 
Columbia  which  are  unrecognized  and  not  reported  exceeds  con- 
siderably the  number  reported  as  typhoid  fever  under  mistaken 
diagnoses. 

In  the  summer  of  1908  a house-to-house  canvass,  covering  32  blocks, 
located  in  different  sections  of  the  city,  and  having  a population  of 
5,364,  was  made  and  not  a case  of  clinical  typhoid  fever  which  had 
not  been  reported  as  such  was  discovered.  On  the  other  hand, 

« Manuscript  submitted  for  publication  April  16,  1909. 

t>  Rosenau,  M.  J.;  Lumsden,  L.  L.;  and  Kastle,  Joseph  H.:  Report  No.  2 on  the 
origin  and  prevalence  of  typhoid  fever  in  the  District  of  Columbia,  1907.  Hyg.  Lab. 
Bull.  No.  44,  May,  1908. 
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some  of  the  reported  cases  in  these  blocks  had  been  diagnosed  on 
what  appeared  to  be  scant  clinical  evidence  and  without  any  attempt 
at  confirmation  by  laboratory  tests. 

A better  acquaintance  with  the  situation  inclines  us  to  believe  that 
practically  every  case  of  clinical  typhoid  fever  occurring  in  the  Dis- 
trict of  Columbia  is  reported  to  the  health  officer.  On  account  of 
the  frequent  association  of  the  medical  profession  and  the  lay  people 
with  the  disease,  many  cases  of  continued  fever  of  obscure  nature, 
but  not  typhoid,  are,  however,  diagnosed  as  typhoid.  In  other  words, 
few  cases  of  clinical  typhoid  fever  are  ever  overlooked,  but  the  official 
records  contain  more  typhoid  fever  than  actually  exists  in  a clinical 
sense.  How  much  more  could  only  be  determined  by  persistent 
and  prolonged  laboratory  confirmation  of  the  clinical  diagnoses. 
This  we  expect  to  do  at  a future  investigation.  We  are  inclined  to 
believe,  from  our  observations  of  the  situation  and  from  experimental 
data,  that  perhaps  from  10  to  20  per  cent  of  the  cases  reported  as 
typhoid  fever  are  really  some  other  disease.  This  may  in  part 
account  for  Washington’s  relatively  high  typhoid  rate  when  com- 
pared with  that  of  other  American  cities. 

In  a community  where  typhoid  fever  has  been  markedly  prevalent 
for  a number  of  years,  as  it  has  been  in  Washington,  it  is  but  natural 
that  physicians  should  form  somewhat  of  a habit  of  reporting  doubt- 
ful cases  as  typhoid  fever. 

The  correct  diagnosis  of  cases  is,  of  course,  of  first  importance  both 
in  the  obtainment  of  correct  data  for  epidemiological  studies  and  in 
the  adoption  of  proper  measures  to  prevent  the  spread  of  the  disease. 

In  most  American  cities  physicians  report  to  the  health  office,  for 
official  confirmation  of  diagnosis,  suspected  cases  of  certain  com- 
municable infectious  diseases,  such  as  tuberculosis,  diphtheria,  small- 
pox, etc.  The  communicability  of  the  infection  of  typhoid  fever 
from  the  sick  to  the  well  is  now  thoroughly  recognized,  and,  consid- 
ering the  widespread  prevalence  of  typhoid  fever  in  America,  we 
believe  that  it  is  of  prime  importance  from  a public-health  stand- 
point for  official  diagnosis  of  cases  of  this  disease  to  be  required. 
To  the  competent  and  careful  physician,  the  assistance  of  official 
expert  opinion  and  of  laboratory  facilities  would  be  welcome,  while 
to  the  incompetent  or  careless  physician  such  assistance  would  be 
important. 

Specimens  for  examination  at  the  laboratory  can  be  obtained  with 
so  little  inconvenience  to  the  patient,  that  there  seems  to  be  no  excuse 
for  physicians  to  fail  to  have  laboratory  tests  made  to  aid  in  the 
diagnosis  of  all  suspected  cases. 

Specimens  of  the  stools  and  urine,  of  course,  may  be  obtained  with- 
out any  inconvenience  to  the  patient,  and  bacteriological  examination 
of  these  excreta  by  comparatively  recent  methods  will  demonstrate 
the  typhoid  bacillus  in  a large  percentage  of  cases. 
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The  pricking  of  the  ear  lobe  or  finger  tip  to  obtain  a drop  of  blood 
for  the  Widal  test  causes  so  little  pain  that,  in  frequent  instances,  a 
sleeping  cliild  will  not  be  awakened  by  the  procedure.  The  Widal 
tests  yfill  give  positive  results  at  some  time  in  the  course  of  the  illness 
for  about  95  per  cent  of  cases.  Positive  results  are  rarely  obtained 
before  the  tenth  or  twelfth  day  of  fever,  and  this  lateness  of  the 
development  of  the  agglutinating  property  of  the  blood  prevents  the 
Widal  test  from  being  of  much  aid  in  early  diagnosis . 

The  puncture  of  a vein  at  the  elbow  joint,  in  order  to  obtain  a few 
cubic  centimeters  of  blood  for  bacteriological  examination  by  culture, 
causes  a slight  amount  of  pain,  it  is  true,  but  when  the  operation  is 
done  properly  it  is  entirely  free  from  danger  and  causes  no  more 
distress  to  the  patient  than  does  the  application  of  a swab  to  the 
throat  in  order  to  obtain  cultures  in  cases  of  suspected  diphtheria. 
The  great  advantage  of  the  blood-culture  method  is  that  it  gives  in 
the  earliest  stages  of  the  illness  positive  results  and  maximum 
information. 

In  about  90  per  cent  of  cases  in  the  first  week  of  fever  the  blood 
culture  test  will  demonstrate  the  typhoid  bacillus,  usually  in  pure 
culture.  The  later  in  the  attack  the  blood  is  taken  the  less  are  the 
chances  of  demonstrating  the  organism.  Thus  Heinrich  Kayser,® 
working  in  Germany,  obtained  positive  results  in  96  per  cent  of 
cases  examined  in  the  first  week,  in  65  per  cent  examined  in  the 
second  week,  in  42  per  cent  in  the  third  week,  and  in  35  per  cent  in 
the  fourth  week.  Kayser  took  only  2.5  c.  c.  of  blood  for  each 
examination. 

Since  beginning  our  investigations  of  typhoid  fever  here  in  1906 
we  have  offered  to  the  physicians  of  the  District  of  Columbia  the 
facilities  of  the  Hygienic  Laboratory,  U.  S.  Public  Health  and 
Marine-Hospital  Seiwice,  to  assist  them  in  the  diagnosis  of  suspected 
cases.  So  far,  comparatively  few  requests  for  blood  cultures  have 
been  received.  It  appears  that  the  value  and  ease  of  application  of 
this  test  are  not  generally  appreciated. 

METHOD  OF  INVESTIGATION. 

In  the  study  of  the  cases  this  year  the  following  form  was  used  and 
all  facts  called  for  by  this  form  were  carefully  investigated  for  each 
case.  The  form  is  the  same  as  the  one  used  in  1907 : 

Typhoid  Fever  Case  Card. 

Date  of  investigation,  . Case  Xo. . 

Name, . 

Age, . Color, . Sex, . Xationality, . 

Probable  date  of  onset, . Date  definite  symptoms, . 

Xame  and  address  of  physician, . 

o-  Munch,  med.  Woch.,  1906,  p.  823. 
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EESIDEXCE. 

How  long  resident  in  District  of  Columbia, . 

Residence  when  taken  sick, ; from to . 

Pre'vdous  residences, ; from to . 

Subsequent  residences, ; from to . 

Temporary  absences  from  District  of  Columbia  within  thirty  days  prior, 
Number  of  occupants ; ages, . 

Number  of  occupants  who  have  had  t>"phoid, ; when, . 

Newcomers  in  house  within  three  months  prior, . 

Newcomers  in  house  had  t\*phoid? . 

Serv'ants: 

White:  Resident, . T]i,q)hoid?  . 

Nonresident, . T\-phoid?  . 

Colored:  Resident, . Tt,-phoid?  . 

Nonresident, . Tt-phoid?  . 

T^-phoid  at  homes  of  servants? . When?  . 

Disposal  of  sewage, . Water-closet  in  house?  . 

Water-closet  in  yard? . Pri^w?  . Location?  . 

General  sanitary*  condition  of  residence, . • 

OCCUPATTOX. 

Place, : from to . 

Other  cases, . 

WATEE. 


Within  thirty  days  prior,  — 
sionally, . 

Within  thirty  days  prior, 

Where  taken, . 

Hilk  (how  used), ; from  - 

Ice  cream?  . Where? . 

Uncooked  fruits  and  vegetables. 
Shellfish, . 


Solely, 

FOOD. 


. Boiled?  . 


COXTACT. 


Principally,  . Occa- 


Pasteurized?  . 


Association  thirty  days  prior  with  patients  in  febrile  stage, . 

Association  with  suspected  cases, . 

Association  with  persons  who  have  had  tt*phoid  within  six  months,  ; one  year, 

; two  years, ; three  years, ; four  years, ; five  years, . 

Association  thirtt*  days  prior  with  persons  in  contact  with  patients  in  febrile  stage, . 

Treatment  of  stools  and  urine  of  patients, . 

Other  precautions, . 

Remarks:  . ' 

Summary : . 


Signature : 
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Our  method  of  conducting  the  investigation  of  the  cases  has  been 
the  same  for  each  of  the  three  years  in  which  we  have  studied  typhoid 
fever  in  the  District  of  Columbia.  All  residences  within  the  District 
from  which  cases  were  reported  were  visited  and  inspected.  For  the 
data  the  patients  themselves  were  questioned  when  their  condition 
permitted  it.  If  their  condition  did  not  permit  it  the  statements 
of  other  members  of  the  family  or  household  were  taken. 

Frequently  several  visits  to  a home  were  necessary  before  all  the 
information  desired  could  be  obtained  for  a given  case.  By  exer- 
cising care  and  patience  it  was  endeavored  to  eliminate  as  much 
error  as  possible  from  the  figures.  Having  followed  the  same  plan 
of  study  for  each  of  the  three  years  we  believe  that  differences  in  our 
findings  for  any  two  of  the  years  are  due  to  change  of  conditions  and 
scarcely,  if  in  any  wise,  to  change  of  methods  of  study. 

In  each  of  the  three  years  the  epidemiological  investigation  of  the 
individual  cases  has  been  conducted  by  one  of  us  (Lumsden),  so  that 
differenqes  in  the  results  from  personal  equation  have  been  eliminated. 

INTENSIVE  STUDY  OF  SPECIAL  DISTRICTS. 

In  addition  to  the  above  epidemiological  investigations  there  was 
made  in  1908  an  intensive  study  of  the  typhoid  fever  situation  in  32 
blocks  of  the  city.  This  part  of  the  work  was  done  under  our  direc- 
tion by  Passed  Assistant  Surgeon  Norman  Roberts.  The  study  con- 
sisted in  a house  to  house  canvass  of  the  blocks.  Effort  was  made  to 
obtain  full  histories  of  all  cases  of  illness  in  these  sections  and  to 
determine  if  any  of  the  cases  were  typhoid  fever. 

In  the  course  of  this  work  over  1,000  specimens  of  feces  were 
obtained  from  993  persons  and  examined  at  the  Hygienic  Laboratory 
for  the  presence  of  the  typhoid  bacillus.  The  specimens  were  obtained 
from  suspected  cases  of  illness  and  from  healthy  persons,  particularly 
women  and  children,  with  a view  of  determining  what  proportion  of 
the  population  harbors  typhoid  bacilli  without  having  symptoms  of 
the  disease. 

In  the  course  of  this  special  investigation  Doctor  Roberts  also 
collected  data  in  regard  to  sanitary  conditions,  water  and  milk  sup- 
plies, etc.,  of  the  households  in  those  sections. 

The  results  of  this  special  study  are  presented  in  the  following 
table : 
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Table  No.  1. — Results  of  intensive  investigatioyi  of  special  districts,  32  city  blocks. 


(Miscellaneous  data  covering  all  families  visited.) 


Locality. 

Xumber  of 
families  (1,101). 

Xo.of 

Popula- 

tion. 

Serv- 
ants. 1 

Visit- 

Drinking  water. 

Houses. 

White.  Colored. 

1 ors. 

Paw. 

Boiled.  Bottled. 

Melted 

ice. 

Block  Xo.  1 

52  1 51  4 

233 

11 

3 49 

_ 

Block  Xo.  2 

38  ' 34  6 

230 

10 

5 33 

9 1 

1 

Block  Xo.  3 

48  38  14 

250 

8 

1 44 

8 1 

1 

Block  Xo.  4 

52  30  23 

244 

5 

4 46 

8 

46  48  7 

242 

10 

4 48 

7 

Block  Xo.  6 

35  28  9 

275 

3 

6 34 

4 

2 

Block  Xo.  7 

44  42  6 

221 

12 

10  37 

11  

Block  Xo.  8 

58  48  11 

226 

6 

3 43 

14  1 

Block  Xo.  9 

33  20  13 

212 

0 

7 33 

0 

Block  Xo.  10... 

45  12  34 

208 

0 

7 32 

3 

Block  Xo.  11... 

42  23  20 

180 

3 

4 39 

3 

Block  Xo.  12... 

27  29  2 

153 

6 

3 24 

5 1 

i 

Block  Xo.  13... 

26  8 19'i 

1 111 

0 

0 24 

3 

Block  Xo.  14... 

42  28  13 

195 

0 

2 37 

4 

Block  Xo.  1-5. . . 

52  28  24 

294 

0 

1 49 

9 

Block  Xo.  16... 

26  15  11 

125 

1 

0 26 

0 

Block  Xo.  17... 

23  16  7 

91 

1 

0 21 

11  

Block  X'o.  18... 

8 8 0 

40 

0 

0 8 

0 

Block  Xo.  19 . . . 

47  21  26 

245 

2 

7 39 

8 

Block  Xo.  20... 

19  19  0 

62 

3 

6 14 

3 1 

Block  Xo.  21... 

39  11  25 

161 

1 

10  26 

7 1 

2 

Block  Xo.  22...: 

45  16  28 

254 

0 

5 43 

3 

Block  Xo.  23... 

20  0 20 

92 

0 

1 IS 

9 

Block  Xo.  24... 

10  0 10 

57 

0 

0 9 

0 

Block  Xo.  2-5... 

o 

o 

o 

41 

0 

0 10 

0 

Block  Xo.  26...  1 

14  1 13 

69 

1 

0 13 

1 

Block  Xo.  27. .. 

1 18  0 ^ 18 

104 

0 

0 17 

1 

Georgetown 

i IS  18  0 

96 

2 

3 17 

1 

Xorthwest i 

39  39  : 0 

162 

25 

7 27 

13  

Xortheast 

36  33  3 

1S4 

6 

19  34 

9 

Southeast 

29  12  20 

174 

5 

17  28 

4 

Southwest 

28  29  0 

133 

2 

11  26  ! 

1 

2 

Total 

1,069  : 705  1 396 

a 5, 364 

123 

146  858 

145  6 

8 

1 

S5% 

1 15% 

aMTiite,  3,392;  colored,  1,972, 
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Table  No.  1. — Results  of  intensive  investigation  of  special  districts,  32  city  blocks — 

Continued. 


Locality. 

Milk  used. 

Screening  of 
houses. 

Condition 
of  house  as 
to  repair. 

Condition 
of  house  as 
to  cleanli- 
ness. 

Raw. 

Home  heated. 

(’oinniercially 

pasteurized. 

Condensed. 

Rarely  used. 

None. 

1 Of  unknown 
origin. 

Throughout. 

Partial. 

None. 

' 1 

Good. 

Bad. 

Good. 

Block  No.  1 

47 

4 

1 

2 

40 

5 

9 

1 

j 55 

9 

47 

Block  No.  2 

32 

3 

0 

3 

3 

30 

5 

5 

5 

35 

i 34 

Block  No.  3 

28 

6 

11 

3 

5 

1 

4 

i 27 

18 

5 

47 

i 4 

46 

Block  No.  4 

28 

6 

4 

4 

5 

1 

! 25 

4 

24 

12 

41 

7 

45 

Block  No.  5 

37 

2 

4 

.. 

2 

3 

2 

33 

12 

10 

5 

49 

10 

51 

Block  No.  6 

25 

4 

0 

6 

1 

3 

i 23 

9 

6 

3 

i 36 

37 

Block  No.  7 

22 

11 

4 

9 

3 

34 

6 

9 

4 

1 

4a 

! 4 

44 

Block  No.  8 

37 

9 

9 

6 

4 

3 

45 

12 

7 

i 50 

1 6 

52 

Block  No.  9 

17 

6 

11 

2 

1 

! 21 

1 

10 

1 

31 

1 

4 

27 

Block  No.  lOv- . 

22 

8 

1 

4 

3 

1 

20 

1 

25 

39 

1 

44 

Block  No.  11... 

28 

6 

' 0 

! 3 

1 

6 

30 

2 

10 

6 

35 

1 

38 

Block  No.  12. . . 

13 

12 

5 

i 2 

0 

2 

26 

3 

1 

28 

1 

27 

Block  No.  13 

8 

2 

0 

3 

14 

19 

8 

8 

18 

3 

19 

Block  No.  14. . . 

22 

4 

3 

4 

1 

5 

3 

39 

9 

5 

36 

1 

39 

Block  No  15 

48 

5 

: 3 

1 

42 

10 

5 

47 

1 

49 

Block  No.  16. . . 

17 

0 

i 1 

' 1 

1 

6 

1 

16 

10 

2 

23 

i 2 

24 

Block  No.  17. . . 

15 

3 

! 0 

1 

4 

18 

5 

2 

21 

1 

22 

Block  No.  18. . . 

7 

0 

1 

' 0 

0 

1 

6 

1 

2 

5 

6 

Block  No.  19... 

30 

4 

3 

2 

3 

4 

1 

30 

9 

10 

36 

7 

36 

Block  No.  20. . . 

12 

3 

1 

0 

i 

17  ^ 

1 

0 

18 

18 

Block  No.  21. .. 

22 

1 

1 

1 i 

1 7 

3 

2 

20  ' 

6 

10 

29 

4 

30 

Block  No.  22 

14 

6 

2 

4 

7 

15 

29 

17 

4 

42 

3 

43 

Block  No.  23. . . 

4 

1 

0 

2 

6 

1 

1 

15 

4 

5 

14 

t 

15 

Block  No.  24 

2 

1 

1 

2 

3 

3 

1 

9 

2 

8 

4 

6 

Block  No.  25 . . . 

0 

1 

1 

7 

0 

1 : 

6 

4 

1 

9 

1 

8 

Block  No.  26... 

3 

1 

0 

1 

2 

3 

11 

14 

Block  No.  27. . . 

3 

0 

0 

9 

0 

6 

2 

16 

5 

13 

8 

10 

Georgetown 

12 

2 

2 

3 

3 

16 

2 

2 

16 

16 

Northwest 

21 

13 

4 

0 

0 

4 

39 

0 

1 

38 

39 

Northeast  . 

21 

3 

0 

1 

1 

24 

4 

5 

31 

33 

Southeast 

21 

1 

1 

3 

3 

2 

20 

1 

11 

1 

31 

30 

Southwest 

16 

1 

2 

6 

6 

3 

21 

1 

6 

2 

26 

3 

25 

Total 

614  , 

129 

75 

129 

24 

110 

64 

741 

73 

285  : 

129  1 

963 

93 

974 

j 

54% 

11% 

7% 

11% 

2% 

10% 

6% 

68%  ; 

6% 

to 

12%  j 88% 

11%  , 

89% 
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Table  Xo.  2. — Gii  mg  number  of  cases  of  diseases  other  than  typhoid  f ever  {present  or 
recent  ) reported  during  house-to-house  canrass  of  the  special  districts. 


Abecess 3 

Apfendieiuis 1 

Boil? 1 

Bowel  troable  (cferoiiic  or  rec'-sirem; 2 

BroacMti? 5 

CThik-keiipox 1 

Diabe-res... 2 

(cferoMc- or  lecTorreiiir ' 35 


Fisraia  is  SLEo. . . 

GyiBecoiopc 

Heanr  uoEble. . . 

JaacralK-e 

Ki"Jiiey  troEbSe.. 

Malarii... 

ilexes 

Xervooi  troeMe. 


Pleorisy i 

Fijeoiioiiiia 4 

PiiomaiEe  poisoEicg 1 

Bli€=CT?Ea!iism 10 

Sc-arlei  ftTer. 1 

Sesilitnr 1 

Stsriiiner  eomplaims 73 


1 Tossfliti?.. 7 

3 T!!jreaseasei!i  iypIioM  ~ 3 

2 T-abereolosi? 9 

1 Wttoopiag  cottcb- 4 

2 Woirnjv? 2 

11  ITndetismisei.  bTO  Mrly  seirere * 

12  ToraL 212 


Obserred  incidence  of ''  summer  complaint"’  as  to  age  and  race. 


WMte. 

Colored. 

Uiiider 2 ireazs.  ..  ...  

' 11 

6 

2tol5irear5 

14 

3 

Otpt  15  ve3T= 

29 

s 

Tonal  all  ases 

54 

IS 

Grand  total ...  

73 

Table  Xo.  3. — Giring  number  of  persons  in  the  S?  blocks  who  had  had  typhoid  feter  in 
precious  years  and  the  results  of  the  bacteriologic  examination  of  their  feces  for  B. 
typhosus. 


XinnrEijer  of  years  anc-e  atisac-fe  of  typlioM  fe~er  occerre-'i. 

Speeb 

TTT0TL5 

ob- 

tained. 

Hesnlt  of 
esaiiHii-SiioiiL 

Spec-i- 

I^SS 

Total- 

- 

- 

re— 

fesed. 

10  Tears  and  over  - '-no  srec-n^'^ins  a^ked  %r) 113 

BerwPie-  9 and  10  —pars 

1 

0 

! 1 

1 1 

1 • 

ii 

1 

S Tears 

0 

2 1 

1 - : 

: 4 

7 Tet^ - , - - 

0 

4 

1 13 

i 17 

OTears . 

0 

■4.  ! 

I 15 

5 --  --  --  - 

0 

4 

S ' 

•5--> 

-Tears . . : 

11 

0 

11 

- 

IS 

oVezaT? - _ ..  

0 

s'l 

! ‘ i 

12 

2 Tears 

17 

0 

17  ! 

0 ! 

23 

1 Te^^ ’ 

6 

0 

6 I 

; 11 

WMdm  me  past  Tear , 

10 

0 

10 

2 

72 

Sick  0^  ctjEratesc-e^ir  an  nrm©  of  tMit.. ii 

9 

• 

3 

12 

! 

Total 

SO 

7 , 

i?4 

144 

Total  preTi'oas  trp.koid  -neiDona'^ ' 

! 

1 

257 

i 


This  table  shows  that' hi  a population  of  5,364  canvassed  2b,  or 
4.S  per  cent  gave  a history  of  having  had  typhoid  fever. 


WAS  MADE  FROM  JULY  15  TO  OCTOBER  24,  1908. 
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Table  No.  4. — Cases  of  diseases  other  than  typhoid fever  from  which  specimens  of feces  were 

obtained. 


Diseases. 

Number 
of  cases. 

Result  of  examina- 
tion for  R.  typhosus. 

+ 

- 

Suminer  complaints 

37 

0 

37 

Dyspepsia 

7 

0 

7 

Malaria. 

4 

0 

4 

Tonsilitis 

3 

0 

3 

Liver  trouble 

3 

1 

2 

Chronic  intestinal  catarrh 

2 

0 

2 

Appendicitis 

1 

0 

1 

Pneumonia . 

1 

0 

1 

Gjmecologic 

1 

0 

1 

Tubercular  peritonitis ' 

Undetermined,  but  severe 

1 

1 

0 

0 

1 

1 

Total... > 

1 

61  : 

1 

60 

The  first  house-to-house  canvass  was  begun  on  July  15,  that  being 
about  the  time  when  typhoid  fever  in  Washington  is  at  the  beginning 
of  the  six  weeks  of  highest  prevalence,  and  completed  on  Septem- 
ber 30. 

On  this  first  canvass  the  specimens  for  laboratory  examination 
and  the  general  data  as  to  population,  condition  of  the  houses, 
cases  of  illness,  water  and  milk  used,  etc.,  were  obtained. 

A second  canvass  of  the  same  32  blocks  was  begun  on  October  1 
and  completed  on  October  24.  On  this  second  canvass  data  were 
obtained  as  to  cases  of  illness  which  had  developed  since  the  time 
of  the  first  visit.  So  the  cases  of  illness  recorded  in  the  table  include 
all  that  could  be  learned  of  in  these  32  blocks  during  the  period 
extending  from  July  15  to  about  October  24. 

To  collect  the  data,  every  household  in  the  blocks  was  visited  and 
some  member  or  members  of  the  household  interviewed.  Where 
there  were  cases  of  illness  attended  by  physicians  the  ph3^sicians 
were  communicated  with  in  regard  to  the  nature  of  the  illness. 
Throughout  this  stud}^  all  phj^sicians  practicing,  and  all  persons 
residing,  in  the  sections  were  requested  bj"  circular  letter  to  inform 
Doctor  Koberts  when  any  cases  suspected  to  be  typhoid  fever 
developed. 

Map  No.  1 shows  the  location  of  the  blocks  selected  for  this  inten- 
sive stud}^.  These  blocks  represent  fairlj"  the  average  sanitary 
and  social  conditions  of  the  city  of  Washington. 

Upon  our  request.  Dr.  L.  O.  Howard,  Chief  of  the  Bureau  of 
Entomology,  U.  S.  Department  of  Agriculture,  and  consulting 
entomologist  to  the  United  States  Public  Health  and  Marine-Hospital 
179— Bull.  52—09 2 
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-MAP  OF  WASHINGTON,  SHOWING  LOCATION  OF  CITY  BLOCKS  IN  WHICH  AN  INTENSIVE  STUDY  OF  TYPHOID  FEVER 
WAS  MADE  FROM  JULY  IS  TO  OCTOBER  24,  1908. 
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Service,  also  made  a special  study  of  the  fly  abimdance  in  these 
selected  blocks.  For  the  results  of  this  intensive  study  of  32  city 
blocks  in  relation  to  bacillus  carriers,  see  page  114. 

IMPORTED  CASES. 

In  determining  the  number  of  cases  in  wliich  the  infection  was 
contracted  out  of  the  District  of  Columbia  the  same  method  was 
followed  as  in  our  study  of  the  cases  in  1907  and  as  published  in 
Report  Xo.  2,  Hygienic  Laboratory  Bulletin  Xo.  44. 

The  cases  fall  under  the  following  heads: 

Numl>er 
of  cases. 


(а)  Infection  undoubtedly  contracted  out  of  the  District  of  Columbia 103  • 

(б)  Infection  probably  contracted  out  of  the  District  of  Columbia 20 

(c)  Infection  contracted  in  or  out  of  the  District  of  Columbia,  chances  about 

equal 33 

(d)  Infection  undoubtedly  contracted  in  the  District  of  Columbia 438 

(e)  Infection  probably  contracted  in  the  District  of  Columbia 71 


Total 665 


Considering  the  cases  on  the  percentages  of  chances  of  the  infec- 
tion having  been  contracted  out  of  the  District  of  Columbia,  they 


were  as  follows: 

Cases. 

(а)  103  cases,  chances  100  per  cent 103 

(б)  20  cases,  chances  75  per  cent 15 

(e)  33  cases,  chances  50  per  cent . 17 

(d)  438  cases,  chances  0 per  cent 0 

(e)  71  cases,  chances  12.5  per  cent 9 


665  cases.  Total 144 


On  this  estimate,  about  22  per  cent  of  the  665  cases  investigated 
by  us  this  year  contracted  the  infection  out  of  the  District  of  Colum- 
bia as  against  about  26  per  cent  of  the  670  cases  in  1907,  and  about 
15  per  cent  of  the  866  cases  in  1906. 

Xo  detailed  epidemiological  investigation  was  made  of  the  cases 
which  were  considered  as  certainly  or  ahnost  certainly  having  con- 
tracted the  infection  out  of  the  District.  Therefore,  most  of  the 
data  in  this  report  refer  to  the  542  cases  comprised  under  the  heads 
c,  d,  and  e of  the  above  classification. 

RACE. 

Three  himdred  and  sixty-eight,  or  67.9  per  cent,  of  the  cases  were 
among  whites,  and  174,  or  32.1  per  cent,  among  negroes. 

According  to  the  police  census  for  the  spring  of  1908  the  poprda- 
tion  of  the  District  of  Columbia  consists  of  241,920  whites  and 
97,483  negroes,  a total  of  339,403.  Thus  negroes  compose  28.73  per 
cent  of  the  population,  while  the  cases  of  t^'phoid  fever  among  them 
composed  32.1  of  the  total  number  reported,  showing  this  year 
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a somewhat  higher  morbidity  rate  among  negroes  than  among 
wliites.  In  the  corresponding  period  (May  1 to  November  1)  of 
1907  the  conditions  were  reversed.  The  negroes  then  comprised 
29.18  per  cent  of  the  population  and  furnished  only  26  per  cent  of 
the  typhoid-fever  cases. 

In  the  1906  period  (June  1 to  November  1)  negroes  composed 
29.1  per  cent  of  the  population  and  furnished  32.1  per  cent  of  the 
typhoid  fever  cases. 

For  a full  discussion  of  the  racial  distribution  of  cases  for  the 
calendar  year,  see  page  26,  under  Prevalence.” 

NATIONALITY. 

The  following  table  gives  the  nationality  of  the  cases,  along  with 
the  number  of  foreign-born,  in  the  District  of  Columbia  for  1900, 
accordmgio  the  United  States  census  report.  F or  some  of  the  nation- 
alities the  population  has  no  doubt  changed  considerably  since  1900, 
so  that  the  figures  in  the  table  are  not  strictU  comparable: 


Nationality. 

Number 

1908. 

of  cases. 
1907. 

1 Number  of 
1 native  and 
foreign-bom 
in  District 
of  Columbia, 
L^nited  States 
Census,  1900. 

American 

522 

495 

258,599 

Austrian 

2 

0 

187 

Danish 

0 

1 

88 

English ' 

2 

3 

2,299 

French 

1 

0 

389 

German 

3 

5 

5,857 

Hungarian 

0 

1 

48 

Irish 

1 

5 

6,220 

Italian 

5 

11 

930 

Russian . 

3 

1 

807 

Scotch  

1 

0 

574 

Swedish 

2 

1 

234 

Total 

542 

523 

SEX. 

Of  the  542  cases,  314  occurred  in  males  and  228  in  females.  Males 
compose  about  48  per  cent  and  females  about  52  per  cent  of  the 
population  of  the  District  of  Columbia;  59.77  per  cent  of  the  cases 
were  among  males,  showing,  as  was  the  case  in  the  groups  studied 
by  us  in  1906  and  1907,  a somewhat  higher  typhoid-fever  morbidity 
rate  among  the  males. 

The  higher  rate  among  males  is  probably  due  largely  to  men  being 
more  exposed  to  infection  by  occupation  habits  and  the  more  frequent 
practice  of  taking  meals  at  lunch  counters,  eating  houses,  restaurants, 
etc.,  away  from  the  place  of  residence.  This  view  is  supported  by  the 
fact,  as  shown  in  the  table  of  ages  of  the  cases  given  below,  that  the 
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greater  prevalence  of  the  disease  among  males  falls  especially  upon 
those  between  the  ages  of  15  and  34  years. 

Another  condition  probably  contributing  to  the  higher  rate  among 
males  is  that  in  the  summer  months  relatively  more  women  than  men 
are  away  from  TTashington.  Many  of  the  men,  after  their  families 
are  gone,  take  their  meals  at  various  eating  places  instead  of  at 
home  and  so  are  exposed  to  more  possible  sources  of  infection  in 
food. 

AGES. 


The  following  table  gives  the  cases  classified  by  age  and  sex, 
along  with  the  population  of  the  District  of  Columbia  in  1900  (United 
States  Census) : 


Ages,  years. 

Number  of  cases. 

Population,  1900. 

Ratio  to  total 
population. 

Male. 

Female. 

Total.  ‘ 

Male. 

Female. 

Total. 

1908. 

1907. 

0-4 

18 

7 

25 

11,683 

11,467 

23,150 

1-926 

1-1,052 

5-9 

39 

42 

81 

11,708 

12,023 

23,731 

1-293 

1-293 

10-14 

47 

42 

89 

10,953 

11,781 

22,734 

1-255 

1-231 

15-19 

59 

27 

86 

71,362 

13,452 

24,814 

1-288 

1-335 

20-24 i 

i 52 

38  • 

90 

13,774 

17,736 

31,510 

' 1-350 

1-398 

25-29 

35 

26 

61 

13,345 

, 16,410 

29,755 

1-487 

1-419 

30-34 

33 

17 

50 

11,911 

' 12,857 

24,768 

1-495 

1-619 

35-39 

11 

13 

24 

10,409 

11,472 

21,881 

' 1-912 

1-810 

40-44 

1 10 

11 

21 

8,679 

9,255 

17,934 

1-884 

1-2,562 

45-49 

4 

0 

4 

6,876 

7,750 

14,626 

1-3,656 

1-914 

50-54 

1 3 

2 

5 

6,371 

6,928 

13,299 

1-2,659 

1-6,649 

55-59. - 

1 0 

0 

0 

5,285 

5,001 

10,286 

1-3,428 

60-64 

1 2 

2 

4 

4,123 

4,078 

8,201 

1-2,050 

1-4,100 

65-69. 

1 1 

1 

2 

2,431 

1,611 

2,604 

5,035 

3,440 

■ 1-2,517 

70-74 

, 0 

0 

0 

1,829 

1-1,720 

75—79 

^ 0 

0 

0 

796 

1,019 

567 

1,815 

918 

80-84 

0 

0 

0 

351 

85-89 

0 

0 

0 

132 

206 

338 

90-94 

0 

0 

0 

26 

73 

99 

95-99 

0 

0 

0 

10 

29 

39 

Over  99 

0 

0 

0 

6 

14 

20 

Age  not  knoTvn 

0 

0 

0 

162 

133 

295 

Total 

, 314 

228 

542 

132,004 

146,714 

278,718 

The  youngest  person  affected  was  19  months  and  the  oldest  69 
years. 

The  figures  given  of  the  population  in  age  periods  are  those  of  the 
United  States  Census  report  and  are  the  latest  returns  available. 
As  the  census  was  taken  in  1900  and  the  cases  occurred  in  1908,  the 
figures  from  which  the  ratios  are  derived  are  not  strictly  comparable, 
but  give  a fairly  accurate  estimate. 

The  largest  number  of  cases  proportionate  to  population  again  this 
year,  as  in  1907,  occurred  among  persons  from  10  to  14  years  of  age. 
The  next  highest  ratio,  in  1907,  was  in  periods  from  5 to  9;  but  this 
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year  it  was  in  persons  from  15  to  19.  It  will  be  noted  that  this  year, 
as  in  1907,  the  rate  among  children  under  15  years  of  age  was  dispro- 
portionately high. 

By  decades,  106  of  the  cases  were  under  10  years  of  age,  175  between 
10  and  20,  151  between  20  and  30,  74  between  30  and  40,  25  between 
40  and  50,  and  11  over  50. 

The  special  prevalence  of  the  disease  among  children  observed 
during  all  three  of  the  years  in  wdiich  we  have  studied  the  situation 
suggests  that  milk  and  contact  are  two  important  factors  in  the 
transmission  of  the  infection  in  'Washington.  (See  pages  15-17, 
Keport  No.  2,  Hyg.  Lab.  Bull.  No.  44.) 

LENGTH  OF  RESIDENCE  IN  THE  DISTRICT  OF  COLUMBIA. 

The  following  table  gives  the  length  of  residence  in  the  District  of 
Columbia  of  the  persons  affected.  The  cases  for  1907  of  correspond- 
ing duration  of  residence  in  the  District  of  Columbia  are  placed  in  a 
parallel  column. 


Length  of  residence. 

Number  of  cases. 

1908. 

1907. 

Under  6 months 

19 

20 

6 months  to  1 year 

10 

15 

1 to  2 years 

22 

28 

2 to  3 years 

21 

16 

3 to  4 years 

13 

19 

4 to  5 years .......  

13 

17 

5 to  10  years 

55 

62 

10  to  15  years 

28 

26 

15  to  20  years 

26 

16 

20  to  30  years 

19 

18 

30  to  40  years . . . 

6 

7 

40  to  50  years 

2 

4 

50  to  60  years 

1 

1 

All  of  life 

294 

239 

Not  determined 

13 

35 

Total 

542 

523 

The  ages  of  the  persons  affected  in  the  1908  period  and  who  had 
resided  in  the  District  all  of  their  lives  were  as  follows : 


Ages. 

Cases. 

Ages. 

Cases. 

0 to  4 years 

22 

35  to  39  years 

8 

5 to  9 years 

63 

40  to  44  years 

0 

10  to  14  years 

65 

45  to  49  years 

2 

15  to  19  years 

59 

50  to  54  years 

2 

20  to  24  years 

36 

65  to  69  years 

1 

25  to  29  years 

30  to  34  years 

21 

15 

Total 

294 

22 


Over  50  per  cent  of  the  cases  occurred  among  persons  who  had 
resided  in  the  District  of  Columbia  all  their  lives.  So  this  year,  as 
in  1907,  the  disease  does  not  seem  to  have  prevailed  to  any  veiy 
unusual  extent  among  newcomers. 

However,  it  should  be  noted  that  in  both  years  the  number  of 
cases  among  persons  who  had  resided  in  the  District  less  than  5 years 
is  much  larger  than  (nearly  tvdce)  the  number  among  persons  who 
had  resided  in  the  District  from  5 to  10  years,  and  over  three  times 
as  large  as  the  number  among  those  who  had  resided  in  the  District 
from  10  to  15  years. 

In  considering  these  figures  it  should  be  remembered  that  the 
transient  element  of  Washington’s  population  is  rather  large,  and 
that  among  persons  having  resided  here  less  than  10  years  there  is 
of  course  a large  proportion  of  children. 


PREVALENCE. 


The  following  table  shows  the  cases  according  to  dates  of  definite 
onset : 


Onsets  hy  days. 


2S 

As  in  our  previous  reports  the  cases  are  tabulated  and  charted 
according  to  date  of  onset  of  definite  symptoms,  it  having  been  found 
that  in  the  majority  of  instances  accurate  statements  as  to  date  of 
onset  of  the  first  slight  symptoms  were  not  obtainable. 

In  view  of  the  generally  accepted  period  of  incubation  for  typhoid 
fever,  a period  of  about  15  to  21  days  previous  to  date  of  definite 
onset  as  given  probably  will  represent  for  the  majority  of  the  cases 
the  time  at  which  infection  occurred. 

If  the  period  of  incubation  of  typhoid  fever  were  constant,  epi- 
demiological studies  of  the  disease  would  be  simplified  to  a great 
extent;  but  the  period  seems  to  be  quite  variable  when  compared 
with  that  of  certain  other  diseases,  such  as  vaccinia,  smallpox, 
measles,  etc.  Furthermore,  it  is  difficult  to  definitely  define  the 
incubation  period  of  typhoid  fever,  as  some  persons  apparently 
begin  to  have  symptoms  almost  immediately  upon  receiving  the 
infection,  while  others  go  at  least  three  weeks  or  perhaps  longer 
before  having  symptoms.  Then  there  is  the  period  of  prodromal 
symptoms,  which  varies  greatly  in  duration  in  different  cases.  So 
that  knowing  the  time  that  a patient  has  developed  definite  symp- 
toms or  has  taken  to  bed  enables  us  to  estimate  but  roughly  in  indi- 
vidual cases  just  when  the  infection  was  contracted. 

It  has  been  observed  that  when  large  amounts  of  concentrated 
infection  are  ingested,  as  in  milk  outbreaks,  the  period  of  incubation 
is  apparently  shortened  and  in  many  cases  prodromal  symptoms  are 
absent.  It  is  possible,  therefore,  that  if  very  small  quantities  of 
infection  are  ingested  the  period  of  incubation  and  the  period  of 
prodromes  in  some  cases  may  be  very  much  prolonged. 

Judging  by  observations  made  in  pronounced  outbreaks  attributed 
to  infection  in  water,  the  evidence  is  strongly  against  the  majority  of 
the  cases  having  very  much  prolonged  incubation  periods.  The 
outbreak  at  Scranton,  Pa.,  reported  by  Wainwright®  offers  a striking 
example.  There  the  active  period  of  the  epidemic  (by  report  of 
cases)  ceased  abruptly  about  25  days  after  the  infected  water  supply 
was  shut  off.  Considering  the  volume  of  water  implicated  at  Scran- 
ton it  does  not  seem  reasonable  to  suppose  that  the  individuals 
affected  there  could  have  received  very  large  doses  of  infection; 
that  is,  assuming  that  the  typhoid  bacillus  does  not  multiply  in 
water  under  certain  conditions. 

The  supposition  that  typhoid  bacilli  at  times  may  undergo  tre- 
mendous multiplication  in  water  under  natural  conditions  is  not  sup- 
ported by  experimental  evidence.  Of  course  it  is  possible  that  only 
the  highly  resistant  bacilli  survive  in  water,  causing  pronounced  out- 
breaks, and  consequently  a very  small  number — perhaps  only  one — 
of  such  organisms  may  in  some  instances  undergo  rapid  multiplica- 
tion after  getting  into  the  alimentary  canal  of  man  and  cause  infection. 


aN.  Y.  Med.  Rec.,  June  1,  1907. 
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V arying  degrees  of  vimlence  (and  infectiveness)  of  different  strains 
of  typhoid  bacilli  may  be  the  explanation  of  some  of  the  pecuhar 
features  of  typhoid  fever  observed  in  epidemiological  studies. 

It  may  be  that  in  communities  where  typhoid  fever  prevails  endem- 
ically  the  period  of  incubation  varies  within  much  wider  limits  than 
is  the  case  in  epidemics  when  a large  number  of  persons  get  the 
infection  from  a common  source,  and  all  presumably  from  the  same 
strain  of  organism. 

The  striking  seasonal  prevalence  of  tj^phoid  fever  observed  in 
Washington  and  in  many  other  endemic  foci  may  possibly  find  its  ex- 
planation as  follows:  The  infectious  organisms  from  various  sources 
disseminated  through  the  community  by  water,  milk,  raw  shellfish, 
personal  contact,  flies,  salads,  etc.,  during  the  winter  and  spring 
months  are,  when  ingested  by  persons,  incapable  of  causing  the 
disease  for  the  majority  of  the  cases  at  that  time;  but  they  become 
stored  in  the  bodies  of  these  persons  and  with  the  advent  of  warm 
weather  other  factors  become  operative  and  disease  results. 

It  is  known  that  persons  may  carry  the  typhoid  bacillus  for  years 
without  clinical  evidence  of  typhoid  fever.  It  is  conceivable  that 
such  persons  may  finally  contract  the  fever.  In  fact,  Davies  and 
Hall®  report  a carrier  (Mrs.  H.)  who  apparently  caused  three  out- 
breaks of  enteric  fever  and  who  finally  had  herself  an  irregular 
febrile  diarrheal  affection  which  the  authors  considered  to  be  typhoid 
fever.  If  this  diagnosis  was  correct  it  means  that  Mrs.  H.  had  a 
period  of  incubation’’  of  at  least  three  years;  that  is,  the  typhoid 
bacilli  were  contained  in  her  intestinal  tract  for  a period  of  three 
years  before  she  herself  contracted  the  disease. 

Such  occurrences  may  explain  the  development  of  the  case  at  the 
Government  Hospital  for  the  Insane  (see  p.  35). 

The  following  table  shows  the  progress  of  the  disease  as  indicated 
by  dates  of  onset  of  the  cases  in  periods  of  a half  month. 

The  number  of  cases  for  corresponding  periods  in  1907  and  in  1906 
are  placed  in  parallel  columns. 


April  1-15,  incomplete 

April  1&-30,  incomplete 

May  1-15,  complete 

May  16-31,  complete 

June  1-15,  complete... 

June  16-30,  complete 

July  1-15,  complete 

July  16-31,  complete 

August  1-15,  complete 

August  16-31,  complete 

September  1-15,  complete.. 
September  16-30,  complete. 
October  1-15,  incomplete . . 
October  16-31,  incomplete. 


Period. 


1938. 


1907 


1906. 


32 

32 

101 

131 

139 

70 

59 

41 

98 

22 


a Lancet,  November  28,  1908,  p.  1585. 
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CHART  NO.  3,  SHOWING  MONTHLY  DEATH  RATE  PER  100,000  OF 
POPULATION  PROM  TYPHOID. 


TLe  s?e?^e  pcpijla- 
con  computed  on 
the  TjpeiRh  Otsstis 
25  apprciimatsly: 


VTsshl-cgtcn  (185^1897)  . 

Washington  (1398-1907)  . 

W'asbington  (1907)  . . . 

Baltimore  (188-3-1S97 . . . 

Boston  (1888-1897)  . . . 


240.000 

300.000 

300.000 

470.000 

500.000 
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During  the  three  months  July,  August,  and  September  there  were 
in  1906,  541  cases;  in  1907,  376  cases;  in  1908,  326  cases.  In  the  pre- 
ceding month  of  June,  1906,  64  cases;  1907,  42  cases;  1908,  64  cases. 

The  rate  increased  quite  sharply  in  the  latter  half  of  June,  and 
reached  its  height  early  in  July,  continued  high  until  the  early  part 
of  September,  when  there  was  a marked  decrease  in  the  rate. 

The  sharp  rise  in  the  curve  in  October  was  due  largely  to  the  occur- 
rence of  a pronounced  milk  outbreak,  which  was  responsible  for  about 
45  of  these  cases. 

Chart  Xo.  1 shows  by  curves  the  rate  of  prevalence  of  the  disease 
for  corresponding  periods  of  the  three  years  1906,  1907,  and  1908. 

Chart  Xo.  2 shows  the  cases  by  dates  of  onset  and  by  attributed 
causation. 

It  is  interesting  to  note  that  the  pronounced  summer  rise  in  the 
curve  has  become  decidedly  less  each  year.  The  curves  for  1907 
and  1908  differ  in  that  the  rise  in  1908  occurred  earlier  and  the  high 
rate  continued  more  uniformly  and  later — until  the  early  part  of 
September. 

The  marked  rise  from  about  July  20  to  August  20  which  occurred 
in  1907  and  1906  was  absent  in  1908.  (See  Chart  Xo.  1.) 

In  the  summer  months — June,  July,  and  August — of  1908  there 
occurred  300  cases,  as  against  310  in  the  same  peroid  of  1907  and 
505  in  the  same  period  in  1906. 

For  what  may  be  termed  the  typhoid  months  here — July,  August, 
and  September — there  developed  in  1908  326  case;  in  1907,  376  cases; 
and  in  1906,  541  cases.  It  is  evident  that  for  the  summer  and  early 
fall  the  disease  was  decidedly  less  prevalent  in  1908  and  in  1907  than 
in  1906.  In  1908  the  prevalence  was  slightly  less  than  in  1907. 

It  will  be  noted  (Chart  Xo.  1)  that,  though  the  typhoid-fever  curve 
has  changed  considerably  in  height  for  the  different  years,  it  has 
shown  in  each  of  the  three  years  a marked  summer  rise.  In  other 
words,  the  difference  has  been  more  in  degree  than  in  character. 

Chart  Xo.  3 shows  by  curves  the  monthly  death  rate  from  typhoid 
fever  since  1888  in  TTashington,  Baltimore,  and  Boston. 

Aliile  rather  marked  differences  occurred  in  the  prevalence  of 
the  disease  in  Washington  for  the  warm  season  of  the  three  years, 
the  rates  for  the  winter,  spring,  and  late  fall  seasons  were  remark- 
ably parallel.  (See  table,  p.  38.)  Thus  the  total  cases  reported 
during  January,  February,  March,  April,  May,  October,  Xovember, 
and  December  of  the  three  years  were  as  follows:  In  1908,  449  cases; 
1907,  451  cases;  1906,  444  cases. 

It  is  evident,  therefore,  that  the  difference  in  rate  for  the  three 
years  has  been  due  to  the  difference  in  extent  of  operation  of  some 
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factors,  or  perhaps  of  some  one  factor,  which  exert  their  effect  par- 
ticularly in  warm  weather. 

The  cases  definitely  attributed  to  infection  in  milk  were  not  dis- 
tributed uniformly  in  regard  to  these  seasons  for  the  three  years. 
They  were  as  follows : 


Year. 

Onset  of  cases. 

Number  of 
cases. 

1908  . 

September  24  to  October  24 

52 

1907 

June  8 to  August  17  

28 

fJuly  16  to  August  20 

35 1 

1900 

< July  30  to  August  13 - 

12 

79 

[October  2 to  October  21 

32] 

It  is  interesting  to  note  that  there  was  a marked  difference  in  the 
prevalence  of  the  disease  among  the  white  and  the  colored  races  for 
the  warm  and  cool  seasons  of  1908  and  1907. 

In  1908  there  were  reported  in  the  cool  season  (January,  February, 
March,  April,  May,  October,  November,  and  December)  449  cases, 
of  which  95  were  coloi-ed  (cases  to  population,  0.97  per  1,000)  and 
354  white  (cases  to  population,  1.46  per  1,000),  ratio  of  colored  to 
white  being  1 to  3.7. 

In  the  warm  season  (June,  July,  August,  and  September)  of  1908 
there  were  reported  487  cases,  of  which  167  were  colored  (cases  to 
population,  1.71  per  1,000)  and  320  white  (cases  to  population,  1.32 
per  1,000),  the  ratio  of  colored  to  white  being  1 to  1.9. 

In  1907  there  were  reported  in  the  cool  season  451  cases,  of 
which  98  were  colored  and  353  white,  ratio  of  colored  to  white  being 
1 to  3.6. 

In  the  warm  season  of  1907  there  were  reported  494  cases,  of 
which  112  were  colored  and  382  white,  ratio  of  colored  to  white  being 
1 to  3.4. 

It  appears  from  these  figures  that  there  was  little  difference  in  the 
ratios  of  colored  to  white  cases  for  the  two  seasons  of  1907;  but  if 
that  year  is  divided  into  periods— -one  including  the  eight  months 
January,  February,  March,  April,  May,  June,  November,  and  De- 
cember and  the  other  the  four  months  July,  August,  September, 
and  October — there  is  a marked  difference,  in  the  ratios  for  these 
two  periods. 

Thus,  in  the  former  (cooler)  of  these  periods  there  were  reported 
58  colored  cases  (cases  to  population,  0.6  per  1,000)  and  281  white 
cases  (cases  to  population,  1.2  per  1,000),  the  ratio  of  colored  to 
white  being  1 to  4.8. 

In  the  latter  (warm)  of  these  periods  there  were  reported  155  col- 
ored cases  (cases  to  population,  1.61  per  1,000)  and  454  white  cases 


(cases  to  population,  1,94  per  1,000),  the  ratio  of  colored  to  white 
being  1 to  2.9. 

The  effect  of  changing  the  position  of  the  months  of  June  and 
October  in  the  divisions  of  the  year  to  brmg  out  the  strikingly  com- 
parable ratios  for  the  two  years  is  of  especial  interest  when  con- 
sidered in  connection  with  the  fact  that  in  1907  the  beginning  of  the 
summer  weather  was  delayed,  June  bemg  quite  a cool  month  for 
this  section  of  the  country.  (See  Chart  No.  4.) 

The  mean  temperatures  of  June  for  the  past  five  years  were  as 
follows : 


June,  1904 
June,  1905. 
June,  1906. 
June,  1907. 
June,  1908. 


76°  F. 
71.  8°  F. 
75.  2°  F. 
65.  9°  F. 
71.  8°  F. 


Therefore,  by  having  June  and  October  fall  in  one  division  of  the 
year  for  1908  and  in  another  for  1907  we  have  the  two  years  divided 
into  periods  of  much  more  nearly  parallel  temperature  curves. 

It  was  evident  that  during  the  warm  weather  of  1908  and  1907 
the  proportion  of  cases  among  the  colored  population  was  much 
higher  than  it  was  in  the  cool  weather  of  those  }^ears. 

In  1906  also  the  proportion  among  the  colored  in  warm  weather 
was  higher,  but  not  as  strikmgl}^  so.  Thus  in  Januaiy,  February, 
March,  April,  May,  June,  November,  and  December  there  were 
reported  239  white  cases  and  92  colored  cases,  the  ratio  of  colored  to 
white  being  1 to  2.4;  while  in  July,  August,  September,  and  Octo- 
ber there  were  reported  537  white  and  238  colored  cases,  the  ratio 
of  colored  to  white  being  1 to  2.2. 

On  dividing  the  year  into  periods  to  correspond  in  months  with 
those  given  above  for  1908,  there  were  reported  in  1906  during  the 
cool  season  (January,  February,  March,  April,  May,  October,  Novem- 
ber, and  December)  445  cases,  of  which  109  were  colored  (cases  to 
population,  1.14  per  1,000)  and  336  white  (cases  to  population, 
1.45  per  1,000),  the  ratio  of  colored  to  white  being  1 to  3. 

TThile  in  the  warm  season  (June,  July,  August,  and  September) 
there  were  reported  681  cases,  of  which  221  were  colored  (cases  to 
population,  2.32  per  1,000)  and  460  white  (cases  to  population,  1.98 
per  1,000),  the  ratio  of  colored  to  white  being  1 to  2. 

In  1905  the  ratio  of  colored  to  white  cases  for  the  first  of  the 
above  periods  was  1 to  2.8  and  for  the  second  period  (June,  July, 
August,  and  September)  1 to  2.5. 

In  1904  the  ratio  of  colored  to  white  cases  for  the  cool  season  was 
1 to  3.3,  and  for  the  warm  season  (June,  July,  August,  and  Septem- 
ber) 1 to  2.3. 
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Summarized,  the  figures  are  as  follows : 


Table  No.  4. — Showing  racial  prevalence  in  relation  to  season. 


Case  rate 
per  1,000 
of  popula- 
tion. 

Ratio  of 
colored  to 
white 
cases. 

Ratio  of 
colored  to 
white  pop- 
ulation. 

1908. 

Cool  months — January,  February,  March,  April,  May,  October, 

November,  December: 

White 

1.  46 

1 

Colored 

.97 

j 1 to  3.  7 

Warm  months — June,  July,  August,  September: 

1 1 to  2. 4 

AVhite 

1.  32 

1 

1.71 

I 1 to  1.  9 

1907. 

Cool  months— January,  February,  March,  April,  May,  June,  No- 

vember,  December: 

White 

1.  20 

1 

.60 

[ 1 to  4.  8 

Warm  months— JuIjl  August,  September,  October: 

1 to  2.  4 

White 

1.94 

1 

Colored 

1.  61 

[ 1 to  2. 9 

1906. 

Cool  months — January,  February,  March,  April,  May,  October, 

November,  December: 

White 

1.45 

1 

Colored 

1.14 

1 1 to  3 

Warm  months — June,  July,  August,  September: 

1 to  2.  4 

White 

1.  98 

1 

Colored 

2.  32 

1 1 to  2 

1905. 

Cool  months— January,  February,  March,  April,  May,  October, 

November,  December: 

White 

1.  29 

Colored 

1.07 

[ 1 to  2.  8 

Warm  months — June,  July,  August,  September: 

■ 1 to  2. 3 

White 

2.20 

I 

Colored 

2.  05 

[ 1 to  2.  5 

1904. 

Cool  months— January,  February,  March,  April,  May,  October, 

November,  December: 

White  

1.  47 

1 

Colored 

1.02 

1 1 to  3.  3 

Warm  months— June,  July,  August,  September: 

1 to  2. 3 

White I 

Colored i 

1.82 
1.  84 

1 1 to  2.  3 

! 

These  figures  show  that  during  the  cool  season  typhoid  fever  in  the 
District  of  Columbia  is  relatively  more  prevalent  among  the  whites 
and  that  this  relatively  higher  prevalence  among  the  whites  has  been 
more  marked  during  the  past  two  years  (1907  and  1908). 
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RELATION  OF  INCREASED  TEMPERATURE  TO  INCREASED  PREV- 
ALENCE OF  TYPHOID  FEVER. 

Chart  No.  4 shows  in  curves  the  relation  of  temperature  to  the 
incidence  of  typhoid  fever  in  the  District  of  Columbia  for  the  periods 
(May  1 to  November  1)  of  the  three  years  1906,  1907,  and  1908. 

The  temperature  curve  is  compiled  from  figures  furnished  us  by 
the  United  States  Weather  Bureau  and  based  on  the  mean  daily 
temperature  in  five-day  periods. 

It  should  be  noted  that  in  1906  the' t^’phoid  curve  rose  to  reach  its 
maximum  about  a month  subsequent  to,  and  roughly  paralleled,  the 
rise  in  the  temperature  curve.  As  the  t;\q)hoid  curve  would  have  to 
be  set  back  probably  about  three  weeks  in  order  for  it  to  represent  the 
cases  by  time  of  probable  infection  the  relation  of  the  rise  in  this  curve 
to  that  of  the  temperature  is  striking.  The  typhoid  curve,  however, 
begins  to  decline  quite  sharply  in  the  early  part  of  August  and  the 
decline  continues  through  the  remainder  of  August  and  through 
September,  while  the  temperature  curve  reaches  its  maximum  early 
in  July  and  from  then  continues  at  about  the  same  height  until  the 
latter  part  of  September,  which  was  about  six  weeks  after  the  marked 
decline  in  the  t5q)hoid  fever  rate  had  begun. 

From  this  it  appears  that  the  increasing  causation  of  Uq)hoid 
fever  occurred  coincidently  vdth  the  increasing  temperature;  but 
there  was  a marked  decrease  in  the  causation  of  t;\q)hoid  fever  about 
ten  weeks  prior  to  the  decline  in  temperature,  and  therefore  inde- 
pendent of  the  continued  high  temperature. 

It  should  be  borne  in  mind,  however,  that  the  fall  in  the  Uq^hoid 
fever  rate  before  that  in  the  summer  temperature  may  have  been 
due  to  the  majority  of  the  susceptible  persons  in  the  community 
already  having  had  the  disease. 

In  1907  the  marked  increase  in  the  incidence  of  cases  occurred  about 
a month  subsequent  to  the  marked  rise  in  temperature.  It  is  inter- 
esting to  note  that  in  this  year  the  rise  in  both  the  temperature  and 
the  typhoid  curve  occurred  about  a month  later  than  that  of  1906 
and  1908.  If  the  typhoid  curve  for  the  1907  period  were  set  back 
about  a month,  the  rises  and  falls  in  the  typhoid  and  temperature 
curves  would  present  a rather  striking  parallehsm. 

If  the  same  thing  is  done  for  the  1908  period,  the  parallelism  in  the 
rises  and  falls  of  the  U’phoid  and  temperature  curves  is  for  that  year 
also  quite  striking. 

The  seasonal  (summer)  prevalence  of  typhoid  fever  observed  here 
may  be  due  to  the  summer  temperature  being  followed  by  one  or  both 
of  the  folio vdng  conditions : 

1.  Increased  distribution  of  the  infection  in  the  community  (seed). 

2.  Increased  susceptibihty  of  persons  to  the  disease  (soil). 
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In  view  of  the  present  incomplete  knowledge  of  the  subjects  of 
both  seed  and  soil  in  the  etiology  of  typhoid  fever  it  is  not  possible 
to  state  positively  which  is  the  more  concerned  in  the  increased 
summer  incidence  of  the  disease. 

FLIES. 

The  part  played  by  flies  in  the  transmission  of  t3y)hoid-fever  infec- 
tion has  been  a subject  of  much  discussion  in  recent  years,  particularly 
since  the  publication  of  the  report  of  the  army  commission.® 

Among  the  many  suggested  explanations  of  the  t}^hoid  fever  in 
Washington,  flies  have  been  presented  as  being  perhaps  one  of  the 
major  factors  in  the  spread  of  the  disease.  Beheving  that,  if  this 
were  so,  the  seasonal  abundance  of  flies  should  show  a relation  to  the 
seasonal  prevalence  of  typhoid  fever,  we,  at  the  beginning  of  our  work 
in  1908,  requested  Prof.  L.  O.  Howard,  chief  of  the  Bureau  of  Ento- 
mology, Department  of  Agriculture,  to  have  made  a study  of  the  flies 
so  that  their  abundance  could  be  correlated  in  curves  with  the 
prevalence  of  t^’phoid  fever. 

The  folio vdng  excerpt  of  a letter  from  Professor  Howard  to  us  out- 
hnes  the  method  followed  in  making  the  study: 

Our  collections  were  started  on  June  19  and  closed  on  October  19, 1908.  Members 
of  tbe  Bureau  of  Entomology  were  supplied  with  sheets  of  fly  paper,  with  instructions 
to  expose  a double  sheet  every  other  day,  except  Sunday,  for  a period  of  48  hours. 
The  sheets  were  then  returned  to  the  bureau  and  the  flies  carefully  counted  and 
recorded,  together  with  such  data  as  could  be  secured  concerning  conditions  of  near-by 
stables  and  mamu’e  dumps.  Certain  parts  of  the  city  among  the  slums  and  along  the 
water  front  were  not  reached  by  members  of  the  bureau  just  mentioned.  Therefore, 
two  assistants  were  especially  employed  and  made  regular  rounds  on  bicycles,  fur- 
nished for  the  purpose,  collecting  fly-laden  sheets  and  distributing  fresh  fly  paper 
three  times  a week  at  a large  number  of  stations  selected  so  as  to  supplement  the 
stations  already  established  by  regular  employees  of  the  bureau,  and  thus  to  cover 
practically  the  whole  city  within  the  city  limits.  Absence  of  the  Sunday  records 
was  allowed  for  where  exposure  was  made  in  residences  by  recording  only  two-thirds 
of  the  Monday  morning  catch.  In  the  case  of  fly  papers  exposed  in  meat  shops  and 
restaurants  it  was  found  that  flies  were  usually  so  plentiful  that  the  maximum  catching 
capacity  of  the  paper  was  reached  in  48  hours.  In  all,  sixty-two  stations  were  located 
throughout  the  city  during  the  progress  of  the  experiment.  But,  on  summing  up  the 
records,  it  was  found  that  only  twenty-three  stations  were  sufficiently  continuous  to 
be  of  value  in  tabulating  the  results.  Of  these,  there  were  eight  in  the  northwest, 
flve  in  the  southwest,  six  in  the  southeast,  and  four  in  the  northeast. 

Charts  Nos.  5 and  6 were  prepared  and  furnished  us  by  Professor 
Howard.  Chart  No.  5 shows  the  abundance  of  flies  ascertained  for 
the  different  sections  of  Washington.  Chart  No.  6 shows  the  relation 
seasonally  of  the  abundance  of  flies  to  the  prevalence  of  typhoid  fever. 

« Reed,  Walter,  Vaughan,  Victor  C.,  and  Shakespeare,  E.  0.:  Report  on  the  origin 
and  spread  of  typhoid  fever  in  the  E.  S.  military  camps  during  the  Spanish  war  of 
1898.  Washington,  Govt.  Printing  Office,  1904.  Vol.  1,  721  p.;  Vol.  2,  charts. 


Chart  N the  PREVALENCE  OF  TYPHOID  FEVER. 

Haccounted-for  cases  being  charted. 


BULLETIN  52,  HYGIENIC  LABORATORY, 


Chart  No.  7.— SHOWING,  BY  CURVES,  ABUNDANCE  OF  FLIES  (MU SC  A DOMESTICA)  IN  RELATION  TO  THE  PREVALENCE  OF  TYPHOID  FEVER. 

-a™ „ Cases  due  to  direct  contact  with  previous  cases  and  those  due  to  milk  infection  are  not  included,  only  the  unaccounted-for  cases  being  charted. 

Seasonal  abundance  of  flies,  fourteen-dav  averages  (Howard’s  data). 

Seasonal  prevalence  ot  typhoid  fever,  fourteen-day  averages  (our  data). 


BULLETIN  52,  HYGIENIC  LABORATORY, 
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It  ^vill  be  observed  that  the  flies  were  at  their  maximum  abundance 
about  July  1.  The  number  from  that  time  diminished  fairly  uni- 
formly from  week  to  week  until  August  5,  when  the  average  number 
caught  was  only  about  one-half  as  much  as  the  average  on  July  1. 
The  number  rose  for  the  week  ended  August  12,  and  then  continued 
to  fall  through  the  remainder  of  August  and  the  greater  part  of 
September.  A rise  in  the  curve  is  noted  for  the  two  weeks  ended 
October  21. 

The  typhoid  fever  curve  (see  Chart  No.  1)  reached  its  maximum 
about  July  1 and  continued  along  at  about  the  same  height  imtil 
about  the  10th  of  September,  when  a decline  began  which  continued 
fairly  uniform  until  the  latter  part  of  September.  The  rise  in  the 
curve  in  the  latter  part  of  September  and  the  early  part  of  October 
was  due  largely  to  a milk  outbreak  (see  p.  102). 

Chart  No.  7,  prepared  by  us,  shows  the  fly  abundance  and  the 
number  of  cases  of  typhoid  fever  in  periods  of  two  weeks.  In  this 
chart  the  cases  of  typhoid  fever  attributed  to  milk  infection  and  to 
direct  contact  with  previous  cases  are  eliminated,  only  the  cases  due 
to  causes  undetermined  being  counted.  By  lengthening  the  periods 
many  of  the  sharp  turns  in  the  curves  as  presented  on  charts  Nos.  5 
and  6 are  removed  and  the  relation  of  the  curves  can  be  followed  with 
better  understanding. 

As  the  cases  are  charted  by  date  of  definite  onset,  probably  about 
three  weeks  subsequent  to  the  time  of  infection  for  the  majority  of 
the  cases,  the  curve  for  the  abundance  of  flies,  if  moved  forward  three 
weeks,  should  parallel  the  curve  of  prevalence  of  typhoid  fever,  pro- 
vided a relation  of  cause  and  effect  existed.  If  this  is  done,  the 
parallelism  certainly  is  not  sufficiently  striking  to  warrant  the  con- 
clusion that  flies  play  much  of  a role  in  the  transmission  of  typhoid 
fever  in  Washington. 

The  chances  of  dissemination  of  infection  by  flies  in  a well-sewered 
city  of  course  are  much  less  than  in  a camp  when  proper  care  is  not 
taken  in  the  disposal  of  excreta.  It  is  difficult  to  estimate  what  part 
flies  play  in  the  spread  of  the  disease  in  W ashington,  but  the  evidence 
is  quite  strong  that  it  is  relatively  a small  part.  That  flies  are  a 
minor  factor  for  the  city  as  a whole  does  not  preclude  the  possibility 
that  in  certain  limited  localities  they  from  time  to  time  may  spread 
the  infection.  Therefore,  in  carrying  out  preventive  measures  against 
typhoid  fever,  the  number  of  flies  should  be  lessened  by  a proper 
control  of  their  breeding  places,  and  their  access  to  infectious  matter 
and  food  stuffs  prevented. 
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GEOGRAPHICAL  DISTRIBUTION. 

Maps  2,  3,  4,  5,  6,  7,  and  8 show  the  distribution  of  the  cases  by 
place  of  residence  when  the  infection  was  considered  to  have  been 
contracted. 

Again  this  year,  as  in  1907  and  1906,  the  distribution  was  quite 
general;  but  there  was  in  1908  a noticeable  concentration  of  cases  in 
certain  sections. 

The  marked  grouping  of  cases  in  the  Georgeto\\Ti  section  of  the 
city,  which  occurred  in  September  and  October,  was  due  to  a milk 
outbreak  which  was  confined  largely  to  that  section. 

Smaller  groups  of  cases,  attributed  largely  to  contact  infection, 
may  be  noted  on  the  maps  in  south  Washington,  in  Twining  City, 
and  in  Ivy  City.  These  smaller  groups  are  in  sections  where  the 
general  sanitary  conditions  are  poorer  than  they  are  in  the  greater 
part  of  the  city. 

Apart  from  the  local  grouping  of  cases,  there  appeared  to  be  in  the 
southern  sections  of  Washington  as  a whole  a higher  prevalence  of 
typhoid  fever  due  to  causes  undetermined  than  in  the  northern 
sections.  In  fact,  a general  survey  of  the  distribution  of  the  cases 
gives  the  impression  that  typhoid  fever  in  Washington  is  caused  by 
factors  some  of  which  operate  generally  and  scatter  infection  broad- 
cast over  the  city,  while  others  operate  locally  and  cause  the  small 
groups  of  cases  observed  to  occur  in  certain  sections. 

Map  No.  8 shows  the  distribution  of  cases  by  place  of  residence  in 
the  53  vital  statistical  districts  of  the  District  of  Columbia. 

The  following  table  gives  the  population  and  the  number  of  cases 
of  typhoid  fever  which  developed  from  May  1 to  November  1,  1908, 
in  each  of  the  vital  statistical  districts : 


Table  No.  5. — Shovjing  population  and  incidence  of  typhoid  fever  in  each  vital  statistical 
district  in  the  District  of  Columbia. 


Vital  statistical 
districts. 

Population. 

Number  of  cases  of  typhoid  fever  devel- 
oping from  May  1 to  November  1, 
1908. 

1 

t 

' Case  rate 
per  10,000 
j of  popu- 
lation. 

White. 

Colored. 

1 Total. 

1 

1 

Unac- 

counted 

for. 

Attrib- 
uted to 
direct 
contact. 

Attrib- 
uted to 
milk  in- 
fection. 

Total. 

1 

11,710 

6,105 

17,815 

13 

0 

i 

1 1 

14 

1 

' 7.8 

2 

6,392 

4,994 

11,386 

9 

0 

2 

i 9-6 

3 

7,638 

3,416 

11,054 

21 

2 

1 

24 

21.6 

4 

663 

2,108 

2,771 

1 

0 

1 

2 

7.2 

5 

10,276 

8,697 

18,973 

15 

4 

0 

19 

10.1 

6 

15,487 

3,285 

18,772 

10 

0 

0 

10 

5.3 

7 

9,522 

978 

10,500 

12 

2 

0 

14 

13.3 

8 

14,884 

2,626 

17,510 

32 

4 

0 

36 

20.5 

9 

13,192 

11,872 

25,064  j 

29 

2 

0 

31 

12.3 

10 

13,397 

4,034 

17,431  : 

17 

3 

0 

20 

11.4 
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Table  No.  5. — Showing  population  and  incidence  of  typhoid  fever  in  each  vital  statistical 
district  in  the  District  of  Columbia — Continued. 


Vital  statistical 
districts. 

Population. 

Number  of  cases  of  tjT)hoid  fever  devel- 
oping from  May  i to  November  1, 
1908. 

Case  rate 
per  10,000 
of  popu- 
lation. 

White. 

Colored. 

Total. 

1 

' Unac- 
counted 
for. 

Attrib- 
uted to 
direct 
contact. 

Attrib- 
uted to 
milk  in- 
fection. 1 

Total.  I 

11 

2,489 

7,381 

9,870 

26 

5 

0 

31 

31.5 

12 

3,124 

3,674 

6,798 

7 

0 

0 

' 1 

10.2 

13 

4,348 

1,132 

5,480 

10 

0 

0 

10 

18.2 

14 

15,327 

2,263 

17,590 

22 

1 

0 

23 

13.0 

15 

10,475 

2,780 

13,255 

16 

3 

0 

19 

14.3 

IG 

6,364 

2,167 

8,531 

22 

5 

0 

27 

31.6 

17 

12,688 

2,404 

15,092 

20 

0 

0 

20 

13.2 

18 

9,817 

1,533 

11,350 

20 

5 

0 

25 

22.0 

19 

2,818 

890 

3,708 

6 

2 

0 

8 

21.5 

20 

2,522 

1,851 

4,373 

4 

1 

0 

5 

11.4 

21 

887 

506 

1,393 

1 

1 

0 

2 

14.3 

22 

124 

915 

1,039 

0 

0 

0 

0 

0.0 

23 

410 

87 

497 

1 

0 

0 

1 i 

20.0 

24 

719 

55 

774 

2 

3 

0 

5 1 

67.1 

25 

3,594 

1,000 

4,594 

•4 

■ 2 

0 

6 

13.0 

2G 

2,648 

594 

3,242 

1 

0 

0 

1 

3.0 

27 

1,755 

2,567 

4,322 

1 

0 

0 

1 

2.3 

28 

503 

216 

719 

0 

0 

0 

0 

0.0 

29 

870 

12 

882 

2 

0 

0 

2 

22.6 

30 

2,105 

1,156 

3,261 

13 

7 

0 

20 

1 61.3 

31 

2,421 

161 

2,582 

4 

1 

0 

5 

1 19.3 

32 

2,801 

223 

3,024 

1 

0 

0 

3 

I 9.9 

33.... 

6,340 

1,250 

7,590 

1 

0 

0 

1 

1 1.3 

34 

695 

2,981 

3,676 

3 

0 

0 

3 

8.1 

35 

8,150 

3,288 

11,438 

9 

3 

0 

12 

10.4 

36 

o\ 

M) 

00 

399 

5,680 

7 

1 

0 

8 

14.0 

37 

1,641 

240 

1,881 

1 

0 

0 

1 

5. 3 

38 

1,148 

24 

1,172 

0 

0 

0 

0 

0.0 

39 

812 

46 

858 

2 

0 

0 

2 

23.3 

40 

1,144 

294 

1,438 

3 

0 

0 

3 

20.8 

41 

625 

67 

692 

2 

0 

0 

2 

28.9 

42 

269 

275 

544 

1 

0 

0 

1 

18.3 

43 

1,491 

127 

1,618 

1 

0 

0 

1 

6.1 

44 

4,244 

469 

4,713 

1 

0 

0 

1 

2.1 

45 

732 

1,048 

1,780 

4 

0 

0 

4 

22.4 

46 

2,288 

547 

2,835 

3 

1 

0 

4 

14.1 

47 

833 

194 

1,027 

1 

3 

1 

5 

48.6 

48 

5,148 

2,359 

7,507 

6 

3 

28 

37 

49.2 

49 

1,452 

690 

2,142 

6 

0 

2 

8 

37.3 

50 

6,225 

1,144 

7,369 

11 

2 

i 

26 

35.2 

51 

1,048 

156 

1,204 

3 

0 

j 1 

4 

33.2 

52 

80 

92 

172 

0 

0 

1 

2 

116.2 

53 

304 

111 

415 

1 

0 

0 

1 

24.0 

24i,920 

97,483 

339,403 

410 

66 

52 

528 

15.5 

179— Bull,  52—09 3 
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The  districts  in  which  there  was  a high  prevalence  of  the  disease — 
20  or  more  cases  per  10,000  of  population — and  certain  facts  regard- 
ing these  districts  are  presented  in  the  following  table: 


Data  regarding  vital  statistical  districts  having  a high  prevalence  of  typhoid  fever — 20  or 
more  cases  per  10,000  population. 


Vital  statis- 

> ^ 

i 1 i 

— 

Supplied  1 
■srttli  city  1 
irater.  ' 

Supplied  5-^  . 
vritii  cirr  r = = 
sets'erage  =.~  ^ 
system.  ^ ? .2 

Remarks. 

tical  districts. 

.2  I 

ill 

> c ? 

i a ^ 

ilt 

3 

11 

16 

IS 

19 

23 



— — ' 

......... 

. 

- 

— 

T”  , ~ 

- ' 

— 

— - 

~ 1 

1 Small  population. 

24 

. — 

; ^ 

- 

^ .... 

....  4-- 

- 

5 cases  (3  due  to  contact). 

29 

. — 

: - r:  , 

- 

— j — — 

— - 

- . 

30 

— 

1 

39 

• — 

‘ = - 

' - 

....  - 

....  - 

- 

40 

. - 

: — — 

- 

! 4-  

i — 

- 

- 

41 

45 

• — 

! — 

- 

— 

. -f 

- 

- 

Small  population. 

47 

- 

= - 

- 

....,  4-  .... 

....;  - 

L...  4-- 

- 

5 cases  (3  contact,  1 milk). 

4S 

— 

- - 

— 

' ' — 

' 4- 

I 4-4-4- 

37  cases  (;3  contact,  2S 

1 

i 

milk;. 

49 

. - 

- - 

- 

- 

' 4-  L... 

'....  - 

1 

S cases  (2  milk;. 

50 

. - 

_ : 

4- 

....  ^ .... 

'....•  4-  ' 

; r: 

' ^4- 

26  cases  '2  contact,  13 

milk). 

51 

— 

i — — 

— 

— 

4-  ■ — 

— 

52 

- ± 1 

- 

....  -4  .... 

....  -r- 

....,  - 

--^4- 

AU  due  to  milk  infection. 

53 

• = 

1 - 

....  4-  .... 

4- 

....:  - 

- 

Small  population. 

7 13  1 

7 11 

3 

: ! 
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The  following  table  shows  the  districts  in  which  the  prevalence  of 
the  disease  was  low — less  than  10  cases  per  10,000: 


Data  regarding  vital  statistical  districts  having  a low  j^revalence  of  typhoid  fever — 10  or 
less  cases  per  10,000  population. 


Judging  only  by  the  data  in  these  tables  it  appears  that  the  factors 
which  seemed  to  contribute  to  the  liigh  prevalence  of  typhoid  fever 
were  poor  sanitary  conditions,  location  in  old  low-lying  sections  of 
the  city,  direct  contact  infection,  and  milk  infection;  while  the  effect 
of  large  proportions  of  negroes  in  the  population,  location  in  rela- 
tively rural  or  urban  sections,  and  of  being  supplied  ^vith  the  city 
water  and  sewerage  systems  (see  maps  Xos.  9 and  10)  seemed  to  be 
slight. 

These  statements  must  not  be  taken  as  conclusions,  but  simply  the 
evidence  presented  by  the  Hmited  data  in  the  tables. 

The  Government  Hospital  for  the  Insane,  vdth  a population  of 
about  3,000,  but  vdth  artesian-well  water,  pasteurized  milk,  and 
generally  good  sanitary  conditions,  again  this  year  was  notably  free 
from  infection,  only  one  case  having  occurred  there. 

This  case  was  the  first  to  occur  among  the  inmates  of  the  institu- 
tion since  the  fiscal  year  ending  June  30,  1903.  The  onset  of  the 
case  was  on  July  10,  and  the  diagnosis  was  confirmed  by  blood 
culture  at  the  Hygienic  Laboratory.  The  man  had  been  in  close 
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confinement  in  the  institution  for  two  years.  He  was  a markedly 
demented  case  and  was  confined  in  a ward  with  about  thirty  others. 
His  isolation  was  the  more  complete  in  that  he  had  had  no  visitors 
from  the  outside,  nor  had  he,  so  far  as  knovm,  eaten  any  food  except 
that  supplied  by  the  institution. 

He  used  the  same  water,  milk,  and  general  food  supplies  that  were 
used  by  the  other  inmates  and  the  attendants  at  the  institution,  yet 
his  was  the  only  case  which  occurred. 

It  is  difficult  to  explain  how  infection  could  have  reached  tiffs  one 
man  without  also  reaching  others  living  in  the  somewhat  isolated 
institution.  Several  possible  ways,  however,  suggest  themselves. 
Flies  had  rather  free  access  to  the  ward,  and  they  may  have  deposited 
infection  on  some  piece  of  food  which  this  individual  ate.  There 
were  in  the  three  or  four  weeks  prior  to  the  onset  of  illness  of  this 
man  two  cases  of  typhoid  fever  in  a house  about  one-half  mile  from 
the  institution.  The  excreta  from  these  cases  were  handled  very 
carelessly,  and  flies  were  abundant. 

The  man  was  allowed  to  walk  about  the  grounds  of  the  institu- 
tion, but  always  under  guard.  He  had  a habit  of  seizing  upon  vari- 
ous things,  such  as  cigar  butts,  banana  peels,  etc.,  and  putting 
them  into  his  mouth.  In  this  way  he  might  have  picked  up  some- 
thing infected  which  had  been  throvTi  over  the  fence  into  the  insti- 
tution grounds  from  grounds  adjoining,  and  wlffch  were  frequented 
by  picnicking  parties.  The  possibility  of  there  being  a bacillus 
carrier  in  the  ward  to  account  for  the  infection  occurred  to  us,  but 
examinations  of  specimens  of  stools  and  urine  of  the  eleven  inmates 
who  had  been  admitted  to  the  ward  vdthin  the  year  previous  were 
all  negative  for  the  typhoid  bacillus. 

Xo  history  could  be  obtained  of  any  cases  or  suspected  cases  of 
typhoid  fever  in  the  households  of  the  ward  attendants  who  went  to 
their  own  homes  at  night.  Still  it  is  possible  that  the  infection  was 
brought  in  on  the  hands  or  clothing  of  the  hospital  attendants. 

The  mystery  of  this  one  case  stands  out  remarkably.  He  was  the 
only  one  of  about  3,000  persons,  living  under  practically  the  same 
conditions,  to  develop  typhoid  fever. 

This  case  was  the  only  one  to  occur  among  the  inmates  of  the 
institution  during  a period  of  five  years.  Xo  other  cases  developed 
in  the  institution  vdthin  the  eight  months  follovfing  the  onset  of 
this  case. 

In  view  of  the  facts,  it  seems  that  water  and  milk  as  possible  fac- 
tors can  be  excluded.  Such  vegetables  as  are  eaten  uncooked  were 
supphed  the  institution  from  the  market,  and  the  man  had  eaten 
uncooked  tomatoes  and  blackberries  during  the  month  previous  to 
his  iUness.  The  chances  of  infection  having  been  conveyed  to  this 
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man  on  vegetables  seems  remote,  in  view  of  the  fact  that  no  other 
cases  occurred. 

The  man  had  eaten  no  shellfish.  So  these,  as  a possible  factor, 
can  be  excluded. 

That  no  other  cases  developed  in  the  ward,  where  there  were  about 
thirty  other  demented  cases — most  of  whom  were  very  careless  vdth 
their  excreta — and  the  fact  that  the  examination  of  the  stools  and 
urine  of  all  the  newcomers  in  the  ward  were  negative  for  the  typhoid 
bacillus,  argues  strongly  against  the  view  that  the  infection  may 
have  been  caused  by  a bacillus  carrier. 

It  is  evident  that  all  the  known  methods  of  introduction  of  recent 
infection  to  this  man  seem  remotely  applicable.  A possibility  of  a 
prolonged  incubation  period  in  this  case  has  to  be  considered. 

Davies  and  Hall®  report  an  instance  of  a bacillus  carrier  who,  in  the 
course  of  three  years,  apparently  caused  three  outbreaks  of  typhoid 
fever,  and  then  herself  had  an  attack  of  fever  which  the  authors  con- 
sidered clinical  typhoid. 

If  the  man  contracted  the  infection  before  he  came  to  the  insti- 
tution he  had  to  do  so  two  years  before  his  onset  of  definite  symp- 
toms. If  he  were  a bacillus  carrier  during  this  time  some  of  the 
other  inmates  in  the  ward  very  probably,  but  of  course  not  neces- 
sarily, would  have  been  infected. 

The  solution  of  the  mystery  surrounding  the  causation  of  this 
case  probably  would  throw  much  light  on  the  problem  of  the  causa- 
tion of  typhoid  fever  generally. 

CASE  AND  DEATH  RATES  FOR  CALENDAR  YEARS  1908,  1907,  AND 

1906. 

The  total  number  of  cases  of  typhoid  fever  in  the  District  of  Colum- 
bia reported  to  the  health  officer  during  the  calendar  year  1908  was 
936,  as  against  945  in  1907  and  1,126  in  1906.  Thus  the  typhoid- 
fever  morbidity  rate  in  the  District  of  Columbia  for  the  calendar 
year  1908  was  2.75  per  1,000  of  population,  or  1 person  in  every 
362,  as  against  2.87  per  1,000  in  1907  and  3.45  per  1,000  in  1906. 

Although  the  morbidity  rate  was  slightly  lower  in  1908  than  in 
1907,  the  death  rate  was  slightly  higher. 

The  number  of  deaths  from  typhoid  fever  in  the  District  of  Colum- 
bia in  1908  was  124,  being  a death  rate  of  36.53  per  100,000  of  popu- 
lation, as  against  34.5  for  1907  and  49.3  for  1906. 

Of  the  124  deaths  in  1908,  88  were  among  whites  and  36  among 
negroes,  giving  a death  rate  among  whites  of  36.37  per  100,000  and 
among  colored  of  36.92  per  100,000. 


a Lancet,  Nov.  28,  1908,  p.  1585. 
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The  following  table  shows  the  typhoid  fever  death  rate  per  100,000 
of  population  in  the  District  of  Columbia  for  the  calendar  years  1906, 
1907,  and  1908: 


'i  ear. 

[ White. 

Colored. 

Total. 

1906 

35.4 

83.1  ' 

49.3 

1907 

32.  99 

38.46 

34.  5 

1908 

36.37 

36.92 

36.53 

The  percentage  of  deaths  to  cases  (fatality  rate)  for  the  three 
years  was  as  follows : 


Year. 

j White. 

Colored. 

Total. 

1906... 

10. 3 

24.2 

14.4 

1907 - - 

10.4 

17.6 

12.0 

1908..  

13.0 

13.7 

13.2 

In  1908  the  fatality  rate  among  the  whites  was  higher  and  among 
the  negroes  lower  than  it  has  been  in  any  other  year  of  which  there 
is  record,  that  is,  since  1903. 

In  the  following  table  is  given  the  number  of  cases  and  deaths 
from  typhoid  fever  in  the  District  of  Columbia  reported  by  months 
to  the  health  office  during  the  calendar  years  1906,  1907,  and  1908: 


Cases. 


Month. 

White. 

Colored. 

Total. 

1906. 

1907. 

1908. 

1906. 

1 1907. 

1 

i 

; 1908. 

1906. 

1907. 

1908. 

Januarr 

24 

46 

25 

I 3 

_ 

12 

27 

53 

37 

Fehruarv  

15 

28 

13 

6 

4 

' 1 

21 

32 

14 

March  . 

13 

23 

21 

1 5 

2 

4 

18 

25 

25 

April 

29 

20 

35 

6 

8 

8 

1 35 

28 

43 

Mav 

31 

31 

32 

13 

6 

44 

37 

39 

June 

32 

30 

41 

26 

4 

21 

* 58 

i 34 

62 

July 

123 

61 

63  ! 

58 

21 

45 

1 181 

i 82 

108 

August 

200 

145 

no  1 

93 

46 

52 

! 293 

191 

162 

September 

105 

146 

106  ' 

44 

41 

49 

150 

' 187  . 

155 

October 

129 

102 

127 

43 

47 

26 

171 

149 

153 

November 

57 

68 

50  ^ 

25 

19 

! 21 

82 

87 

71 

December 

38 

35 

51  ' 

8 

5 

1 

16  1 

1 46 

40 

67 

Total 

796 

1 735 

674  : 

330 

210 

262 

1,126 

945  1 

936 

39 


Month. 

r>eaths. 

White. 

Colored. 

Total 

1907.  ; 

190S. 

1906. 

1907.  190S. 

1905. 

1907.  19CS. 

Jamiarr - 

'O 

6 

o 

1 

•1  2 

6 

7 4 

Febmarv 

--> 

3 

1 

2 

3 0 

4 

6 1 

Match - 

2 

2 

1 

3 

2 0 

5 

4 1 

April 

■-> 

3 

5 

o 

3 3 

4 

S 

Mat - 

6 

5 

5 

4 

2 3 

' 10 

7 S 

June 

4 

1 

3 

5 

1 0 

S 

2 3 

JulT 

7 

6 

7 

14 

4 ' S 

10  15 

AugnsT 

15 

13 

9 

17 

5 ! 4 

1 

IS  13 

Septemh^r - 

10 

13 

16 

10 

4 7 

20 

17  23 

October 

16 

12 

16 

12 

7 3 

2S 

19  19 

XoTeml-CT 

11 

s 

13 

V 

3 3 

19 

11  16 

December - - 

2 

5 

10 

- 

2 3 

- TO 

Total 

S2 

77 

ss 

Sj 

37  36 

i 

114  1 124 

As  this  table  gives  the  cases  by  date  of  report  to  the  health  office, 
which  date  is  usually  two  or  three  weeks  'and  sometimes  more ' sub- 
sequent to  the  date  of  onset  of  illness,  and  as  it  includes  imported 
cases,  it  shows  but  roughly  the  actual  chronological  progress  of  the 
disease  in  the  District  of  Columbia. 

THE  TYPHOID  FEVER  DEATH  RATE  OF  WASHIXGTOX  AS  C03il- 
PARED  WITH  THAT  OF  OTHER  CITIES: 

Table  Xo.  6. — Giving  typhoid  fever  death  rate  per  of  population  by  years  for 

eight  American  cities. 


City. 

1900. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906.  1907.  193S. 

ATerage. 

Washington.  D.  C 

7A 1 

56.4 

7A0 

, Ao.  0 

43.  S 

43.9  ' 

49.3  34.5  36.5 

1 50.  S 

Rk-hmond,  Va 

103.7 

56.  S 

73.4 

1 74  3 

54.3 

46.1 

1 47.0  44.2  52.-S 

61.4 

Baltimore,  Md 

3L9 

27.2 

41.9 

1 35.4 

36.  S 

35.  S 

32.  S 4X7  31.4  1 

35.2 

Philadelphia.  Pa 

34  7 

33-6 

43.6 

69.4 

52.  S 

47.6 

72.4  59.3  : 34.S 

49.  S 

Xew  York.  X.  Y 

20.  S 

2C.6  ' 

21.  0 ' 

17.5 

17.2 

16.7 

15.4  ; 17.3  j 12.1 

17.6 

Boston.  Mass 

25.5 

i5.0 

94  2 

! 20.5 

22.9 

19.6 

20.2  1 10.5  1 25.  S 

, 21.6 

SaTannah.  Ga 

29. 6 

2S.  9 

■ 44.1 

54.1 

"i, 

40.1 

40.  S 

4-5.2 

New  Orleans,  La 

50.1 

44.2 

40.9 

36.7 

32.6 

29.6  : 50.9  1 29.S  ^ 

1 39.4 

The  death  rates,  as  given  in  this  table,  were  furnished  by  the  health 
departments  of  the  different  cities. 

Comparing  the  typhoid  death  rates  of  these  cities  it  is  evident  that 
the  rate  for  TVashington  has  been,  since  1900,  relatively  high,  being 
exceeded  only  by  that  of  Richmond,  Va. 

In  comparing  the  typhoid  death  rates  of  different  cities  a number  of 
conditions  should  be  considered,  and  we  have  selected  these  cities 
because  they  offer  conditions  subject  to  comparison  with  those  of 
ashingt-on. 
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The  following  table  presents  these  conditions,  as  nearly  as  we  have 
been  able  to  ascertain  them,  comparatively  with  corresponding  condi- 
tions in  Wasliington: 


City. 

Population. 

Ratio  of  colored 
! to  white  in  pop- 
ulation. 

General  sanitary 
condition. 

Sewerage 

system. 

Riclmiond 

About  one-third  as  much. 

Larger 

Generally  poorer . . 

Worse. 

Baltimore 

Xearlv  twice,  a.s  much 

Smaller 

.do 

Do. 

Philadelphia 

About  five  times  as  much 

Much  smaller. . 

.do. . . 

Xo  better. 

Xew  York 

About  twelve  times  as  much 

L do.  - 

do 

Xo  better. 

Boston 

Xearly  twice  as  much 

.do 

do 

Xo  better. 

Savannah 

About  one-fifth  as  much 

Larger 

..  .do 

Worse. 

Xew  Orleans 

About  the  same 

! 1 

do 

Worse. 

Death  rates. 

City. 

Duration  of  warm-weather 

season. 

1900-19a5. 

, 1906. 

1907-8. 

Washington 

56.2 

49.3 

35.  5 

Richmond 

About  the  same 

68.1 

47.0 

48.5 

Baltimore 

do 

35.3 

32.8 

36.0 

Philadelphia.  . . . 

Somewhat  shorter 

46.9 

72.4 

47.0 

Xew  York 

Shorter ...  

18.9 

15.4 

14.7 

Boston 

Much  shorter 

22.9 

20.2 

18.1 

Savannah..  ..  

Longer 

45.9 

40.8 

Xew  Orleans. 

Much  longer 

40.7 

29.6 

40.3 

In  the  six  yearn  1900  to  1906  the  typhoid  death  rate  in  IVasliington 
was  higher  than  in  any  other  of  these  cities  except  Richmond,  Va- 
in 1906,  the  first  year  after  the  filtration  of  the  water  supply,  the 
rate  was  higher  than  that  of  any  other  of  the  cities  except  Philadel- 
phia. In  1907  and  1908  the  rate  in  TTashington  was  lower  than 
those  of  Richmond,  Baltimore,  Philadelphia,  and  Xew  Orleans. 

It  requires  but  a brief  study  of  this  table  to  force  one  inevitably  to 
the  conclusion  that  TTashington  has  a much  higher  typhoid  death 
rate  than  it  shoifid  if  only  those  conditions  believed  to  affect  the 
‘‘prosodemic  ” typhoid  are  considered. 

TTith  the  exception  of  Boston  and  Xew  York,  the  conditions  under 
which  the  milk  supply  is  collected  and  handled  are  frdly  as  well,  if  not 
better,  guarded  in  TTashington  than  in  the  other  cities.  Probably 
home  heating  of  milk  is  done  to  a relatively  much  greater  extent  in 
Xew  Orleans  than  in  TTashington,  but  this  does  not  apply  to  Balti- 
more. 

This  broad,  but  supeificial,  comparison  suggests  that  either  water 
or  some  imknown  factor  has  played  a major  role  in  the  causation  of 
TTashington’s  typhoid  fever. 


Chart  No.  H.  rYPHOIU  KKVKK  DKATII  RATE  (INCLUDINti  TYl‘1  lO-MALAKlA)  FOR  RICHMOND  AND 
DIS'I  RICT  Oh'  COCUMIUA  1880  1907,  BY  LKVY  AND  FRKKMAN;  DISTKICT  ()!•  COLUMBIA  AND 
KICIIMOND  I'OR  1908  AND  BAl/HMORK  1880  1908  ADDKD  rilKKK'rO. 
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THE  PARALLELISM  IN  THE  TYPHOID  DEATH  RATES  OF  RICH- 
MOND, VA.,  AND  WASHINGTON,  D.  C. 

Lew  and  Freeman  ® recently  have  contributed  a very  interesting 
report  on  typhoid  feyer  in  Kicliniond,  Va.  They  conclude  that  but 
a small  part  of  Richmond’s  typhoid  feyer  is  due  to  the  pubhc  water 
supply  and  that — 

The  death  rate  from  typhoid  fever  in  Richmond,  certainly  for  the  past  few  years, 
has  been  almost  entirely  the  “residual”  or  “prosodemic  ” rate  of  northern  cities,  made 
larger  than  in  the  North  by  reason  of  the  greater  length  and  intensity  cf  the  hot  season, 
during  which,  both  North  and  South,  there  is  normally  a mai’ked  increase  in  the 
typhoid  death  rate.  A considerable  part  of  this  residual  rate  in  Richmond  is  due  to 
the  large  number  of  dry  closets. 

They  present  a chart  sliowng  a striking  and  really  remarkable 
parallehsm  in  the  typhoid  death  rate  of  Richmond  and  TTasliington 
since  1880.  We  reproduce  their  chart  wth  the  typhoid  death  rate  of 
Baltimore  for  corresponding  years,  and  the  rate  of  Richmond  and 
Washington  for  1908  added  thereto.  (See  Chart  Xo.  8.) 

The  authors  argue  that  the  fluctuations  in  the  typhoid  feyer  death 
rate  of  Wasliington  were  not  due  to  changes  in  the  water  supply, 
because  astoundingly  parallel  fluctuations  occurred  in  the  rate  of 
Richmond,  whose  water  supply  during  the  entire  period  was  practi- 
cally unchanged,  and  they  follow  the  argument  with  the  statement 
that — 

We  are  reduced,  so  far  as  the  writers  can  see,  absolutely  to  the  theory  that  there 
must  be  some  little  understood  influences  of  a very  widespread  character,  varying 
from  year  to  year,  which  play  a more  important  role  in  (he  epidemiology  of  tj’phoid 
fever  than  has  as  yet  been  discovered. 

The  curve  for  Baltimore  does  not  fall  in  hue  in  this  remarkable 
parallehsm,  which  greatly  comphcates  the  problem  and  the  conclu- 
sions to  be  draym  from  the  curves. 

Richmond  and  Washington,  though  obtaining  their  water  supplies 
from  different  rivers  still  obtain  water  of  the  same  general  character — 
that  is,  surface  river  water  exposed  to  very  similar  chmatic  conditions 
and  to  about  corresponding  diluted  sewage  pollution. 

Baltimore  obtains  water  of  different  character — lake  water  obtained 
from  a fairly  well  protected  watershed  and  then  subjected  to  long 
storage.  Baltimore’s  typhoid  death  rate  from  1880  to  1907  was 
continuously  lower  than  those  of  Riclunond  and  Washington.  In 
1907  for  the  first  time  Baltimore’s  rate  was  higher  than  Washington’s. 

a Le\’y,  Ernest  C.,  and  Freeman,  Allen  W. : Certain  conclusions  concerning  t^’phoid 
fever  in  the  South,  as  deduced  from  a study  of  typhoid  fever  in  Richmond,  Va.  Old 
Dom.  joum.  med.  and  surg.,  vol.  7,  Nov.,  1908. 
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DEATH  RATES  FROM  TYPHOID  AND  CERTAIN  OTHER  DISEASES 
IN  THE  DISTRICT  OF  COLUMBIA. 

The  following  table  gives,  by  years,  the  death  rate  per  100,000  in 
the  District  of  Columbia  for  certain  infectious  diseases: 


Death  rates  per  100,000  in  the  District  of  Columbia  for  certain  diseases. 


Year. 

Pneumonia. 

Pulmonary 

tubercu-' 

losis. 

Searlet 

fever. 

Diarrhea  and  enteric  disease. 

Typhoid 

fever. 

Under  2 
years. 

2 years 
and  over. 

Total,  all 
ages. 

1900 

137.7 

27S-9 

4.4 

131.9 

26.2 

15S.2 

74.1 

1901 

1-30.5 

271.0 

3.7 

114.  S 

27.4 

142.2 

56.  4 

1902 

156. 5 

224.6 

2.0 

107.7 

30.5 

13S.2 

74.0 

1903 

179.6 

249.2 

.6 

90.6 

30.2 

120.  S 

45.0 

1904 

175-2 

262.3 

3.5 

101.  S 

20.  S 

122.6 

43.  S 

1905a 

1611 

2-55.6 

3.4 

104.3 

23.5 

127.  S 

43.9 

1906 

154.1 

239.2 

2.5 

97.4 

23.6 

121.0 

49.3 

1907 

163.5 

226.9 

.6 

9S.6 

2-3.7 

122.7 

34.5 

190S 

150.2 

20S.9 

2.6 

97. 5 

is.s 

116.3 

36.5 

a Water  filtered  October  1905. 


It  will  be  observed  that,  with  the  exception  of  pulmonary  tiiber- 
cidosis,  the  death  rate  of  which  has  gradually  but  progressively 
declined  since  1904,  there  has  been  but  little  difference  m the  death 
rate  from  these  diseases  siuce  the  water  supply  of  the  city  has  been 
filtered  (October,  1905).  Some  decrease  in  the  death  rate  from 
diarrheal  diseases  is  noted.  The  average  rates  for  the  three  years 
1903-1905  was  124,  and  for  1906-1908  was  120. 

The  death  rate  from  all  causes  per  1,000  of  population  m the 
District  of  Columbia  has  been  as  follows: 


Year. 

Death  rate 
per  1,000. 

1900 - - 

20.61  : 

1901 

20.19  , 

1902 - 

IS.  95 

1903 

19.09  1 

1904 

19.61  i 

1905 

19.20  ' 

(Water  supply  filtered  since  October,  1905.) 

1906 

19.35 

1907 

19.25 

190S ! 

IS.  03  : 

For  the  three  years  1900  to  1903  the  average  of  the  annual  death 
rates  from  aU  causes  was  19.92  per  1,000.  For  the  three  years 
1903  to  1906  the  average  of  the  annual  rates  was  19.30;  for  the 
three  years  1906  to  1909 — ^that  is,  after  the  filtration  of  the  public 
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water  supply — the  average  of  the  annual  rates  was  18.88.  Thus 
the  reduction  in  the  death  rate  from  all  causes  since  1900  has  been 
progressive. 

There  was  a greater  reduction  in.  the  rate  between  the  1900-1903 
and  1903-1906  periods  than  between  the  1903-1906  and  1906-1909 
periods.  So  it  is  questionable  how  much  of  the  reduction  in  the 
last  three  years  has  been  due  to  the  further  improvement  in  the 
city’s  water  supply  by  sand  filtration.  In  this  connection  it  should 
be  remembered  that  an  additional  storage  reservoir  (Washington 
City)  was  put  into  operation  in  1902. 

These  data  are  presented  for  what  they  are  worth,  in  view  of 
Hazen’s  theorem: 

For  every  death  from  typhoid  fever  avoided  by  the  purification  of  public  water 
supplies  two  or  three  deaths  are  avoided  from  other  causes.® 

SANITARY  CONDITION  OF  RESIDENCES. 

In  the  following  table  is  given  the  general  sanitary  condition  of 
the  residences  at  which  the  persons  affected  had  lived  at  the  time 
when  the  infection  was  considered  to  have  been  contracted,  the 
condition  of  residences  of  the  cases  studied  in  1907  and  1906  being 
placed  in  parallel  columns: 


Condition  of  residence.^ 

Number  of  cases. 

1908. 

1907. 

1906. 

Good 

82 

98 

253 

Fairly  good 

206 

228 

243 

Rather  bad 

184 

140 

158 

Bad 

70 

57 

92 

Not  determined 

0 

0 

1 

Total 

542 

523 

747 

a The  definitions  of  the  terms  used  in  this  table  correspond  to  those  used  in  our  previous  reports  (Bulle- 
tins 35  and  44). 


The  percentages  of  cases  at  residences  of  these  four  classes  for  the 
three  periods  were  as  follows: 


Condition  of  residence. 

Percentage  of  cases. 

1908. 

1907. 

1906. 

Good 

15.1 

18.7 

33.9 

Fairly  good 

38 

43.5 

32.5 

Rather  bad 

33.9 

26.7 

21.2 

Bad 

12.9 

10.9 

12.3 

a Sedgwick  and  MacNutt.  Science,  August  14,  1908,  p.  215. 
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The  proportion  of  cases  among  persons  at  residences  of  which  all 
the  sanitary  conditions  were  good  has  progressively  diminished 
during  the  last  tliree  years. 

In  all  three  years  the  majority  of  the  cases  occurred  among  persons 
living  at  residences  of  good  or  fairly  good  sanitary  conditions,  but 
this  majority  has  diminished  from  year  to  year.  Thus,  the  percent- 
ages of  cases  at  residences  where  the  sanitary  conditions  were  good 
or  fairly  good  were:  1906,  66.3  per  cent;  1907,  62.2  per  cent;  1908, 
53.1  per  cent. 

These  figures  suggest  that  since  1906  there  has  been  here  a diminu- 
tion in  the  part  played  by  agents  such  as  disseminate  the  infection 
of  ty]3hoid  fever  generally  in  a community,  and  that  the  part  played 
by  agents  such  as  affect  especially  persons  living  under  the  poorer 
sanitary  conditions  has  been  relatively  increased. 

In  this  connection  it  is  interesting  to  note  that  the  sanitary  con- 
dition of  the  residences  of  the  52  cases  this  season  definitely  attrib- 
uted to  milk-borne  infection  was  as  follows:  Good,  24;  fairly  good, 
23;  rather  bad,  5;  bad,  0. 

DISPOSAL  OF  SEWAGE. 

Of  the  542  cases  this  season,  483  were  among  persons  living  at 
residences  connected  vdth  the  city  sewerage  system  and  at  which 
there  were  water-closets,  56  at  residences  not  connected  ^vith  the  city 
sewerage  system  and  at  which  there  were  privies,  1 at  an  institution 
not  connected  vdth  the  city  sewerage  system  but  having  water-closets 
which  discharged  into  a local  sewerage  system,  and  2 on  a dredge  the 
water-closets  of  which  discharged  into  the  Potomac  River. 

The  follo^ving  table  shows  the  methods  of  disposal  of  sewage  at  the 
residences  of  the  cases  studied  during  the  three  years : 


Sewage  disposal. 

Number  of  cases. 

1908. 

1907. 

1906. 

Residence  connected  with  city  sewerage  system  and  having  water-closets 

483 

462 

671 

Residence  not  connected  vnth  city  sewerage  system  and  at  which  there  were 
privies 

56 

56 

72 

Residence  having  neither  water-closets  nor  privies 

0 

1 

2 

Residence  having  water-closets  which  discharge  into  subsoil  cesspool 

0 

1 

1 

Residence  having  water-closets  which  discharge  into  local  sewerage  svstem 

3 

3 

0 

Method  not  noted 

0 

0 

1 

Total 

I 542 

523 

747 
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The  locations  of  the  water-closets  in  relation  to  the  houses  connected 
with  the  city  sewerage  system  and  in  which  the  cases  occurred  were 
as  follows: 


Location  of  water-closets. 

Number  of  cases. 

’ 1908. 

1907. 

1906. 

In  house  only 

' 198 

212 

240 

In  yard  only 

' 190  : 

163 

257 

In  both  house  and  yard 

95  ’ 

87 

174 

Total 

483  1 

462 

671 

Of  the  56  cases  occurring  at  houses  at  which  privies  were  in  use,  16 
had  direct  contact  with  cases  in  the  febrile  stage  in  the  same  house 
or  house  near  by,  1 had  direct  contact  with  a suspected  case,  and  8 
had  indirect  contact  by  persons  or  flies  vdth  patients  in  the  febrile 
stage.  This  relatively  high  contact  infection  shows  that  when  cases 
occur  in  houses  at  which  privies  are  in  use,  the  chances  of  infection 
being  conveyed  to  other  members  of  the  household  are  much  greater 
than  when  the  houses  are  connected  with  the  city  sewerage  system. 

WATER. 

Of  the  542  cases,  515,  or  about  95  per  cent,  gave  a history  of  having 
used  unboiled  Potomac  River  water  supphed  through  the  regular 
city  system  as  the  sole,  principal,  or  occasional  source  of  water  for 
drinking  purposes  during  the  thirty  days  prior  to  the  onset  of  illness. 

Of  the  523  cases  investigated  in  1906,  96.54  per  cent  gave  a history 
of  having  used  the  unboiled  Potomac  water. 

The  following  table  gives  the  source  of  water  used  for  drinking 
during  the  thirty  days  prior  to  onset  of  illness  by  the  542  cases  inves- 
tigated : 


Raw  tap: 

Solely 

Principally 

Occasionally 

Occasionally  (?) 

Boiled  tap: 

Solely 

Principally 

Occasionally . . . 

Filtered  tap:  a 

Solely 

Principally 

Occasionally 


Water. 


Number  of 
cases. 


346 

112 

57 

3 


1 

30 

2 


1 

3 

0 


a By  “filtered”  tap  water  is  meant  water  filtered  after  it  is  drawn  from  the  tap. 
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Water. 


Number  of 
cases. 


Public  wells  and  springs: 

Solely 

Principally 

Occasionally : 

Bottled: 

Solely 

Principally 

Occasionally 

Private  wells  or  springs  in  the  District  of  Columbia: 

Solely 

Principally 

Occasionally 

Various  sources  out  of  the  District  of  Columbia: 

Principally 

Occasionally 


1 

1 

12 

0 

4 

8 

9 

31 

6 

4 

121 


BACTERIOLOGICAX,  EXAMINATION  OF  THE  POTOMAC  WATER 

SUPPLY. 

The  examinations  were  made  in  the  Division  of  Pathology  and 
Bacteriology  of  the  Hygienic  Laboratory  by  Assistant  Surgeon  W.  W. 
Miller,  assisted  b}^  Assistant  Surgeon  Lasher  Hart  and  Dr.  Walter  D. 
Cannon.  The  samples  of  water  examined  were  as  follows : 

1.  Kaw  Potomac  Kiver  'water  taken  from  the  inlet  of  Dalecarlia 
reservoir,  or  when  Dalecarlia  was  by-passed,  from  the  inlet  at  George- 
to'vwi  reservoir  (August  31  to  Xovember  26,  1908).  This  represents 
the  Potomac  River  w^ater  as  it  is  introduced  into  the  first  sedimenta- 
tion reservoir. 

2.  Applied  'water  taken  from  the  Washington  city  reservoir  from 
'which  the  \vater  is  run  on  to  the  filter  beds. 

3.  Filtered  w^ater  taken  from  the  outlet  of  the  storage  reservoir 
for  the  filtered  '^vater.  This  represents  the  mixed  effluents  from  all 
the  filter  beds  and  the  'water  just  before  it  passes  from  the  reservoir 
to  the  conduits  for  distribution  to  the  city. 

4.  The  tap  water  in  different  sections  of  the  city.  This  represents 
the  filtered  'water  after  it  has  traversed  the  'water  mains  and  as  distrib- 
uted in  the  three  different  pressure  areas  of  the  system,  namely, 
(a)  gravity,  (b)  first  high,  and  (c)  second  high;  the  taps  in  Lafayette 
Square,  Washington  Circle,  Franklin  Square,  and  in  southwest  Wash- 
ington being  in  the  gravity  pressure  area,  the  tap  at  the  Hygienic 
Laboratory  being  in  the  first  high,  and  the  tap  at  3211  Thirteenth 
street  XW.,  being  in  the  second  high  pressure  area. 
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In  the  following  tables  are  given  the  results  of  the  bacteriological 
examinations  of  the  specimens  of  water: 

THE  RAW  RIVER  WATER. 


Table  shoiving  the  number  of  bacteria  and  jpresenceof  colon  bacilli  found  in  samples  taken 
from  the  inlet  of  Dalecarlia  or  Georgetown  reservoirs. 

JANUARY. 


Average, 


1. 

2. 

3. 

4. 

5. 

6. 

S. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25, 

26, 

27, 

28, 

29 


48 


RAW  Vv'ATER. 

FEBRUARY. 


Day  of  month. 


Bacteria  

per  c.  c. 

0.1  c.  c. 


2,500 


2, 900  - 

2,900  - 

3. 100 

2,900 

1. 100  - 
1,000 


3, 200  - 

3, 900 
3, 650 
850 

1, 400  - 

2, 550 


7, 300 
9,000 
16, 500 

11,250 


7.250 

11,250  - 

7, 750  — 

6,  750 

4.250  1 
4, 100  I 


Average 


5.006 


B . coli  in—  F ermentation  in  lactose  broth. 


1 c.  c.  10  c.  c.  0.1  c.  c. 


10 


c.  c. 


+ 


+ 1 

- 

+ ' 

-L 

+ 

— i 

+ 

+ 

+ 

- 

- 

+ 

+ 

- 

- 

+ 

+ 

- 

- 

4- 

+ 

- 

- 

+ 

+ 1 

- 

+ , 

+ 

+ ; 

- 

+ 

+ 

+ 

- 

- 

4- 

+ 

- 

- 

+ 

+ 

- 

- 

+ 

1. 

2, 

5. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
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Day  of  month. 


Average 


RAW  WATER— Continued. 

MARCH. 


Bacteria 

B . coli  in— 

Fermentation  in  lactose  broth. 

per  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

0.1c.  c. 

1 c.  c. 

10  c.  c. 

6, 700 

- 

+ 

+ 

- 

+ 

+ 

17, 750 

+ 

+ 

+ 

+ 

+ 

+ 

19,250 

+ 

+ 

+ 

+ 

+ 

+ 

15, 750 

- 

+ 

+ 

+ 

+ 

+ 

9,500 

- 

- 

+ 

+ 

+ 

+ 

9,500 

- 

+ 

+ 

- 

+ 

+ 

9,000 

- 

+ 

+ 

- 

+ 

+ 

6, 500 

- 

+ 

- 

+ 

+ 

5, 850 

+ 

+ 

- 

+ 

+ 

5,550 

+ 

+ 

- 

+ 

+ 

9, 300 

■ 

+ 

+ 

+ 

+ 

+ 

4, 900 

— 

+ 

+ 

- 

+ 

+ 

4, 700 

— 

_ 

+ 

— 

+ 

+ 

3, 600 

- 

- 

+ 

- 

+ 

+ 

3, 100 

- 

- 

+ 

- 

+ 

+ 

2, 500 

- 

- 

+ 

- 

+ 

+ 

2,300 
2, 400 

- 

- 

+ 

- 

+ 

+ 

2,600 

- 

+ 

+ 

- 

+ 

+ 

1, 600 

- 

+ 

+ 

- 

+ 

+ 

2,900 

- 

+ 

+ 

- 

+ 

+ 

5,000 

- 

+ 

+ 

- 

+ 

+ 

3,900 

- 

+ 

+ 

- 

+ 

+ 

1, 500 

- 

- 

- 

- 

+ 

+ 

1,000 

- 

- 

+ 

- 

+ 

+ 

900 

- 

- 

- 

- 

- 

+ 

6, 052 

179— Bull.  52—09 4 
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RAW  WATER— Continued. 


APRIL. 


Day  of  month. 

Bacteria 
per  c.  c. 

B.  coli  in— 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

1 

800 

+ 

_ 

_ 

+ 

2 

3 

800 

— 

- 

+ 

- 

+ 

+ 

4 

1,100 

- 

- 

+ 

- 

- 

+ 

5 

800 

- 

- 

+ 

- 

- 

4- 

6 

1,000 

- 

+ 

+ 

- 

+ 

+ 

7 

1,250 

+ 

+ 

- 

+ 

+ 

8 

550 

- 

+ 

+ 

- 

+ 

+ 

9 

700 

- 

- 

+ 

- 

- 

+ 

10 

1,400 

- 

- 

+ 

- 

- 

+ 

11 ... 

700 

- 

- 

+ 

- 

- 

+ 

12 

1 

13 

1, 750 

— 

— 

+ 

- 

- 

+ 

14 

550 

- 

- 

+ 

i + 

- 

+ 

15 

350 

- 

- 

+ 

i 

- 

+ 

16 

550 

- 

- 

+ 

- 

- 

+ 

17 

j 

18 

1,650 

1 

— 

■ + 

1 _ 

— 

+ 

19 

4,150 

1 

- 

+ 

- 

+ 

+ 

20 

1, 850 

_ 

_ 

+ 

_ 

+ 

21 

' 1, 350 

+ 

+ 

+ 

22 

■ 1,850 

— 

— 

+ 

+ 

23 

' 2, 050 

- 

- 

+ 

- 

- 

+ 

24 

750 

- 

- 

+ 

- 

- 

+ 

25 

1 600 

- 

- 

+ 

- 

- 

+ 

26  . . . 

27 

250 

- 

— 

+ 

— 

— ■ 

+ 

28 

400 

- 

- 

- 

- 

- 

- 

29 

' 390 

- 

- 

+ 

- 

- 

+ 

30 

475 

- 

- 

+ 

- 

- 

+ 

Average 

1,087 
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RAW  WATER — Continued. 


MAY. 


1, 

2. 

3 

4, 

5. 

6, 

7, 

8, 

9. 

10, 

11. 

12, 

13 

14, 

15, 

16, 

17, 

18, 

19. 

20, 

21, 

22, 

23, 

24 

25, 

26, 

27 

28, 

29 

30, 


52 


RAW  WATER— Continued. 


JUNE. 


Day  of  mouth. 


Average, 


Bacteria 
per  c.  c. 

B . coli  in— 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

0.1  c.  c. 

1 c.  c. 

! 

10  c.  c. 

4,750 

_ 

+ 

+ 

+ 

+ 

1 

I + 

3,400 

- 

+ 

+ 

- 

+ 

+ 

2,900 

+ 

+ 

+ 

+ 

+ 

+ 

2, 400 

- 

+ 

+ 

- 

+ 

i + 

2,750 

- 

+ 

+ 

- 

+ 

j + 

1,850 

- 

- 

+ 

- 

- 

1 - 

1,400 

- 

+ 

- 

- 

+ 

1,150 

- 

■ 

+ 

- 

+ 

+ 

800 

- 

- 

+ 

- 

- 

+ 

525 

- 

- 

- 

- 

- 

- 

1,925 

- 

+ 

+ 

+ 

+ 

+ 

1,900 

- 

- 

+ 

- 

+ 

+ 

4,200 

+ 

+ 

- 

+ 

+ 

18,800 

+ 

+ 

+ 

+ 

+ 

9, 650 

i 

+ 

+ 

+ 

+ 

+ 

4,900 

- 

+ 

+ 

- 

+ 

+ 

2,950 

+ 

+ 

+ 

+ 

+ 

+ 

2, 300 

- 

+ 

+ 

- 

+ 

+ 

1 

1,200 

- 

- 

+ 

- 

- 

i + ■ 

675 

- 

- 

+ 

- 

- 

+ 

1,025 

- 

- 

+ 

- 

- 

+ 

250 

- 

- 

+ 

- 

- 

+ 

200 

- 

- 

+ 

- 

+• 

400 

- 

- 

+ 

- 

- 

+ 

255 

- 

- 

+ 

- 

+ 

+ 

2,902 

i 

1 
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RAW  WATER— Continued. 

JULY. 


Day  of  month. 

Bacteria 
per  c.  c. 

B.  coli  in — 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

1 

330 

_ 

_ 

+ ! 

_ 

_ 

+ 

2 

415 

_ 

, 

+ 

3 

560 

— 

- 

+ 

- 

- 

+ 

4 

G 

620 

- 

- 

“ 1 

- 

- 

+ 

_ 

_ 

+ 

8 

575 

_ ! 

+ 

- 

- 

+ 

9 

+ 

+ 

+ 

10 

820 

— 1 

- 

+ 

— 

+ 

11 

350 

- 

- 

+ 

- 

- 

+ 

12 

13 

775 

- 

+ 

- 

— 

+ 

14 

375 

- 

+ 

+ 

- 

+ 

+ 

15 

525 

- 

- 

+ 

- 

- 

+ 

16 

400 

- 

- 

+ 

+ 

- 

+ 

17 

800 

- 

- 

- 

- 

+ 

+ 

18 

1,500 

- 

- 

+ 

- 

- 

+ 

19 

1 

20 

350 

- 

- 

- 

- 

- 

— 

21 

+ 

+ 

+ 

22 

750 

— 

- 

+ 

- 

+ 

23 

6,100 

+ 

+ 

+ 

+ 

24 

11,700 

+ 

+ 

+ 

25 .... 

5,000 

+ 

+ 

4- 

+ 

2G.. 

1 

27 

+ 

+ 

+ 

+ 

23 

+ 

+ 

+ 

+ 

29 

+ 

+ 

+ 

+ 

30 

27,000 

+ 

+ 

+ 

+ 

31 

10,000 

+ 

+ 

+ 

+ 

Average 

3,447 
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RAW  WATER— Continued. 

AUGUST. 


Day  of  month. 

Bacteria 

B.  coli  in— 

Fermentation  in  lactose  broth. 

per  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

1. 

26,000 

7,250 

+ 

1 

1 

+ 

+ 

2 

+ 

+ 

+ 

3 

4 

6,650 

2,500 

+ 

+ 

+ 

5 

+ 

4- 

+ 

6 

7 

1,900 

+ 

+ 

+ 

8 

9 

10. . . 

3,600 

5,650 

650 

+ 

+ 

+ 

11. 

+ 

+ 

+ 

+ 

12 

+ 

+ 

+ 

+ 

13 

800 

+ 

+ 

+ 

14 

375 

+ 

+ 

+ 

15. . . 

380 

+ 

+ 

+ 

16 

17 

490 

+ 

+ 

18 

1,300 

+ 

+ 

+ 

+ 

19 

10,200 

+ 

+ 

+ 

+ 

20 

4,600 

5,250 

1,150 

+ 

+ 

+ 

21. 

+ 

+ 

+ 

+ 

22 

+ 

+ 

+ 

+ 

23 

24 

550 

+ 

+ 

+ 

25 

850 

+ 

+ 

+ 

+ 

26...  . 

4,450 

+ 

+ 

+ 

+ 

27.  . ... 

. 31,000 
5,750 

+ 

+ 

4-  • 

+ 

28 

+ 

+ 

+ 

+ 

29 

30 

1 

31  

5,500 

+ 

+ 

+ 

+ 

Average  . . . 

5,515 
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RAW  WATER— Continued. 

OCTOBER. 


Day  of  month. 

Bacteria 
per  c.  c. 

B.coliin — j Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

' 

i 

1 

i 

i 

1 

350 

950 

+ 

4- 

+ 

- 

1 1 + + + 1 

+ + + + + + 

1 

800 

750 

400 

+ 

+ 

+ 

250 

800 

700 

900 

850 

1,300 

732 

+ 

+ 

+ 

+ 

+ 

+ 

' + 

: + 

i + 

1 

+ 

+ 

+ 

+ 

+ 

+ 

1 

+ 

1 

+ 

+ 

1 

i 

Average 

i 

i 

1. 

2. 

3. 

4, 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27, 

28. 

29. 

30. 


56 


EAW  ^VATER — Continued. 

NOVEMBER. 


Day  of  month. 


Bacteria 
per  c.  c. 


B.  coli  in — 


Fermentation  in  lactose  broth. 


}.l  c.  c.  I 1 e.  c. 


10  c.  c.  0.1  c.  c.  I 1 e.  c.  . 10  c.  c. 


3,950 

650 

950 

2,200 

2,600 

850 


- i 


1,700 

500 

350 

700 

900 

550 

650 

500 

650 

750 

550 

700 


800  : - 


+ 1- 


A verage . 


1,078 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


57 

APPLIED  WATER. 

JULY,  1908. 


I 

Fermentation  in  lactose  broth. 


Day  of  month. 


Bacteria 
per  c.  c. 


0.1  c.  c.  1 c.  c.  10  c.  c. 


310  + + 

465  ' - + 

475  — + 


+ + 

+ + 


1,000 


+ 


546 


1. 

2. 

3. 

4. 

5. 

6. 

S. 

9. 

10. 

11. 

L2. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


58 


APPLIED  WATER— Continued. 

AUGUST,  1908. 


Dav  of  month. 


Bacteria 
per  c.  c. 


Fermentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c.  10  c.  c. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


59 


APPLIED  WATER— Continued. 

SEPTEMBER,  1908. 


Day  of  month. 


Bacteria 
per  c.  c. 


Fermentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c.  10  c.  c 
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APPLIED  WATER — Contmiied. 

OCTOBER,  1908. 


Day  of  month. 

Bacteria 
per  c.  c. 

F ermentatlon  in  lactose  broth. 

0.1  c.  c. 

1 c.  c.  i 

10  c.  e. 

. 1 

-i-  ! 

+ 

-1- 

- 

1 

There  was  little  difference  in  the  proportion  of  samples  giving  pre- 
limiriary  test  for  B.  coli  (fermentation  in  lactose  broth)  in  *‘raw'^ 
water  and  in  ^ ^applied'’  water. 


1 

2. 

3. 

4, 

5. 

6, 

7. 

8. 

9. 

10, 

11 

12 

13. 

14. 

15. 

16. 

17, 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
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FILTERED  WATER. 

DECEMBER,  1907. 


B.  coli  in — 


'Day  of  month. 


Bacteria 
per  c.  c. 


0.1c.  c.  1 


150 

145 

200 

170 

130 

140 


200 

165 

180 

160 

135 

160 


330 

210 

250 

515 

950 

900 


950 

875 


Average 


525 

775 

875 


775 

625 


419 


c.  c. 


I 


+ 

+ 

+ 

+ 


+ 


+ 

+ 


10  c.  c. 


Fermentation  in  lactose  broth. 


0.1c.  c.  I 1 c.  c.  10  c.  c 


62 


FILTERED  WATER— Continued. 


JANUARY,  1908. 


Day  of  month. 

Bacteria 
per  c.  c. 

B.  coli  in— 

Fermentation  in  lactose  broth. 

0.1c.  c. 

1 c.  c. 

10  c.  c. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

1 

2 

+ 

+ 

3 

+ 

4 

425 

+ 

+ 

6 

380 

i 

+ 

200 

8 

230 

+ 

+ 

+ 

+ 

9 

160 

10 

115 

i I . 

+ 

11 

85 

! 

+ 

12 

13. 

130 

1 _ 

+ 

14 

235 

+ 

+ 

+ 

+ 

15 

625 

i 

16 

690 

+ 

+ 

17  . ... 

535 

+ 

+ 

18 

410 

+ 

+ 

19 

20 

520 

+ 

+ 

21  

570 

+ 

+ 

22  ■ .... 

250 

+ 

+ 

+ 

+ 

23 

470 

+ 

+ 

+ 

+ 

24 

305 

+ 

+ 

+ 

25 . 

185 

+ 

+ 

26  

27  

150 

+ 

28 

110 

_ 

+ 

29 

235 

+ 

30  

100 

31  

230 

_ 

Average 

342 
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FILTERED  WATER— Continued. 


FEBRUARY,  1908. 


1 

2 

3 

4. 

5 

6 

S. 

9. 

10. 

11. 

12. 

13, 

14, 

15, 

16, 

17. 

IS, 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

2S. 

29. 

30. 

31. 
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FILTERED  WATER — Continued. 

MARCH,  190S. 


Day  of  month. 


B . coli  in- 


Fermentation  in  lactose  broth. 


Bacteria 
per  c.  c. 


0.1c.  c.  Ic.  c.  10  c.  c.  i 0.1c.  c.  I 1 c.  c.  ! 10  c.  c. 


95 

130 

255 

95 

90 

230 


i i 


70 

SO 

SO 

60 

155 

76 


36  |. 
40  L 


f — 


Average . 


SI 


1. 

2. 

3. 

4. 

5. 

6. 

S. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26 

27 

2S 

29, 

30 

31 
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FILTERED  WATER— Continued. 

APRIL,  1908. 


B.  coli  in — 


Dav  of  month. 


Bacteria 
per  c.  c. 


0.1c.  c.  Ic.  c.  10  c.  c. 


Fermentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c.  10  c.  c. 


100  !. 
65  i. 


115 

45 

30 

80 


40  I 
SO  ' 
35  ' 
40 


110 

55 


25 

45 

2S 


Average . 


58 


179— BuU.  52—09 5 
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FILTERED  WATER— Continued. 

MAY,  1908. 


Day  oi  month. 

Bacteria 
per  c.  c. 

B.  coli  in— 

r ermentation  in  lactose  broth. 

0.1  c.  e. 

1 c.  c. 

10  c.  c. 

0.1  c.  c.  1 

1 1 c.  C.  j 

10  c.  c. 

1 

145 

i 

1 

9 

1 

3 

1 

i 

i 1 

i 

4 

1 

1 

i 

i 

6 

1 

1 

1 

S 

80 

- j 

9 

70 

1 

10 

11 

20 

_ 1 

1 

i 

_ 

12 

50 

1 

i 

1 ; 

13 

70 

1 

_ 

14 

55 

15.,... 

45 

16 

3-5 

_ 

17 

1 

IS 

35 

- i 

i 

19 

30 

_ i 

20 

24 

21 

27 

~ i 

^ 

40 

23 

30 

_ 

2o 

60 

_ 

_ 

26 

165 

_ 

_ 

97 

35 

28 

49 

_ 

29...  . 

50 

_ 

30. . . 

40 

_ 

31 

Average 

56 

i 

i 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21, 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30, 
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FILTERED  WATER — Continued. 

JUNE,  1908. 


Day  of  month. 


Average. 


Bacteria 
per  c.  c. 


35 
68 
42 
20 
39 

36 
33 
15 
■32 
104 


68 

56 

50 

74 

31 

46 


B.  coli  in — 


0.1  c.  c. 


1 c.  c. 


10  c.  c. 


Fermentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c. 


10  c.  c. 


1. 

2. 

3. 

4. 

5. 

6. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23, 

24. 

25. 

26. 

27, 

28, 

29. 

30, 

31, 


68 


FILTERED  WATER— Continued. 

JULY,  1908. 


Day  of  montti. 


Bacteria 
per  c.  c. 


B.  coli  in — 


0.1c.  c.  1 c.  c.  lOc.c 


44 


24 


F ennentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c.  lOc.c. 


I 


90 

50 

71 

42 

73 

31 
90 

120 

32 
45 
42 
44 

260 

50 


Average. 


56 


1. 

2. 

3. 

4. 

5. 

6. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
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FILTERED  WATER— Continued. 

AUGUST,  1908. 


Day  of  month. 


B.  eoli  in — 


F ermentation  in  lactose  broth . 


Bacteria 
per  c.  c. 


0.1c.  c.  1 c.  c.  10  c.  c.  ; 0.1  c.  c.  ^ 1 c.  c.  10  c.  c. 


20 


23  . 
36  . 
20  . 
11  . 
33  . 

29  . 
23  '. 
40  . 
33  . 
22  . 
44  . 

25  . 
22 
62  . 
54  . 

19  . 


Average. 


1. 

2 

3, 

4. 

5 

6 

7, 

8. 

9, 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


I 
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FILTERED  WATER— Continued. 

SEPTEMBER,  1908. 


B . coli  in—  F ennentation  in  lactose  broth. 


Day  of  month. 


Bacteria 
per  c.  c. 


0.1  c.  c. 


1 c.  c.  ! 10  c.  c.  I 0.1  c.  c. 


1 c.  c.  ! 10  c.  c. 


35 

19 

37 


36 


- i 


Average. 


36 


I 


1 

2 

3 

4. 

5. 

6, 

7. 

8. 

9. 

10, 

11. 

12, 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24, 

25. 

26. 

27, 

28, 

29 

30 

31 
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FILTERED  WATER— Continued. 

OCTOBER,  1908. 


Day  of  month. 


Bacteria 
per  c.  c. 


B.  coli  in— 


0.1  c.  c.  1 c.  c.  10  c.  c 


Fermentation  in  lactose  broth. 


0.1  c.  c. 


1 c.  c. 


10  c.  c. 


Average. 


21 

9 

13 
22 

Lost. 

32 

28 

31 

65 

95 

29 

9 

27 

19 

17 

23 

35 

21 

19 

49 

14 
26 
14 

36 


1. 

2. 

3. 

4. 

5. 

6. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26, 

27, 

28, 

29, 

30 
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FILTERED  WATER— Continued. 

NOVEMBER,  1908. 


B.  coli  in — 


Day  of  month.” 


Bacteria  

per  c.  c.  I 

0.1c.  e.  le.  c. 


47 

26 


14 


Fermentation  in  lactose  broth. 


10  c.  c. 

: 0.1  c.  c. 

1 c.  c. 

10  c.  c. 

j 

_ 

85 

17 


14 

27 

68 

55 

17 

26 


23 

15 

11 

50 


25 


35 

40 

48 


55 


26 


00 


Average 37 


73 


THE  FILTERED  RIVER  WATER  FROM  TAPS. 

Table  showing  fermentation  in  lactose  broth  of  samples  tahen  from  constantly  flowing 
hydrant  in  Lafayette  Square. 

JUNE,  1908. 


Day  of  month. 

^Fermentation  in  lactose  broth. 

' 

0.1  c.c. 

1 c.c. 

10  c.  c. 

- 

- 

1 

- 

- 

- 

-t- 

- 

- 

1 

i 

- 1 

1 

+ 

i 

::: i 

1 

, - 

1 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  in  Lafayette  Square — Continued. 

JULY,  1908. 


Day  of  month.  j 

Fermentation  in  lactose  broth. 

0.1c.  c. 

1 c.  c. 

10  c.  c. 

1 

“ i 

i 

! ~ 

1 

1 

- 

j - 

1 - 

1 

i 

1 

1 

- 

+ 

+ 

! 

! + 

1 

1 

j 

1 

+ 

4- 

+ 

+ 

+ 

1 

1 

+ 

1 

+ 

! 

1 

) 
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THE  FILTERED  RI\^R  WATER  FROM  TAPS— Continued . 

Table  showing  fermentation  in  lactose  broth  of  samples  tahen  from  constantly  flowing 
hydrant  in  Lafayette  Square — Continued. 

AUGUST,  1908. 


1, 

2 

3 

4. 

5. 
6 

7. 

8, 
9. 

10. 

11, 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21, 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Fermentation  in  lactose  broth. 


Day  of  month. 


0.1c.  c.  Ic.  c.  j 10  c.  c. 

] ; 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  sJioiving  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing  ' 
hydrant  in  Lafayette  Square — Continued. 


SEPTEMBER,  1908. 


1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

28 

29 

30 


Day  of  month. 

^ F ermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

i 

_ 

_ 

1 

- 

+ 

- 

- 

i:::;:::;:: 

1 

- 

- 

i 

! 

- 

- 1 

- 

+ 

+ 

+ 

- 

+ 

- 

+ 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  shoicing  fermentation  in  lactose  broth  of  samples  tahen  from  constantly  floicing 
hydrant  in  Lafayette  Square — Continued. 


OCTOBER,  1908. 


1 

2 

3 

4 

5 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Day  of  month. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

_ 

+ 

! 

i 

• 

1 

- 

- 

i 

I 

i 

1 

i 

1 

1 

1 

1 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  tahen  from  hydrant  tap  at 

Washington  Circle. 

JULY,  1908. 


1 

2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Fermentation  in  lactose  broth. 


Day  of  month. 

X’  cixu.cj_LLatiui_i  lu  lactuse  uiuiu. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

...  1 

i 



1 

1 

1 

1 

' — 

- 

, — 

+ 

- 

- 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  hydrant  tap  at  Wash- 
ington Circle — Continued. 


AUGUST,  1908. 


1 

2 

3 

4 

5 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Day  of  moBth. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

- 

- 

- 

+ 

+ 

1 

- 

- 

1 

+ + 1 1 1 1 1 

+ 

1 

' 

- 

- 

+ 

+ 

1 

i 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  shoiving  fermentation  in  lactose  broth  of  samples  taken  from  hydrant  tap  at  Wash- 
ington Circle — Continued. 


SEPTEMBER,  1908. 


1 

2 

3 

4 

5 


S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Day  of  montli. 

Fermentation  in  lactose  broth. 

0.1  c.  e. 

1 c.  c. 

10  c.  c. 

+ 

<* 

+ 

+ 

+ 

- 

— 

- 

+ 

- ' 

- 

i 

+ 

+ 

+ 

- 

- 

! 

i 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 


Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  hydrant  tap  at  Wash- 
ington Circle — Continued. 

OCTOBER,  1908. 


! 

Day  of  month. 

^Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

. 

- 

+ 

+ 

6. 

8. 

9 

10 

11. 

12 

13 

14. 

15 

16 

17. 

18. 
19. 
20 
21. 
22 
23 

24. 

25. 

26. 

27. 

28. 

29. 

30. 
31 


179— Bull.  52—09 6 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  at  Franklin  Square. 

JULY,  1908. 


Day  of  month. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

1 

! 

1 

i 

1 

1 

i 

- 



i - 

i - 

1 

_ 

i 

! + 
+ 

1 

1 ' 

1 

1 1 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  floming 
hydrant  at  Franklin  Square — Continued. 


AUGUST,  1908. 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 


Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  at  Franklin  Square — Continued. 


SEPTEMBER,  1908. 


1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Day  of  month. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

+ 

1 1 1 + + 

1 1 + + 

- 

: 

- 

- 

- 

- 

1 

+ 

1 

1 

1 

+ + 1 



1 

- 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  at  Franklin  Square — Continued. 

OCTOBER,  1908. 


Day  of  month. 

F ermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

1 

1 10  c.  c. 

I 

1 - 
1 

I 

i 



1 





1 

1 

1 

1 



1 

1 

) 

1 

1 

1 

1 

I 

i 

1 

i 

i 

: i 

i 

, . 1 

1 

1 

, i 

^ 1 

1 

! 

1 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  hydrant  in  southwest 

Washington. 

JULY,  1908. 


Day  of  month. 

Fermentation  in  lactose  broth. 

0.1c.  c. 

1 c.  c. 

10  c.  c. 

1 

1 

( 

1 

t 

I 

i 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

! 

! 

1 

i 

1 

1 

1 

; i 

i 

- 

+ 

1 . 

- 

- 

1 

- 

- 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermeiitation  in  lactose  broth  of  samples  taken  from  hydrant  in  southwest 

Washington — Continued . 

AUGUST,  1908. 


4.. . 

5.. ^  . 


Day  of  month. 


Fermentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c.  10  c.  c 


. + 

+ 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  hydrant  in  southwest 

Washington — Continued . 

SEPTEMBER,  1908. 


Day  of  month. 


Fermentation  in  lactose  broth. 


0.1  c.  c. 


1 c.  c.  i 10  c.  c. 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 


Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  hydrant  in  southwest 

Washington — Continued . 


OCTOBER,  1908. 


1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


27 

28 

29 

30 

31 


Day  of  month. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c.  ' 

10  c.  c. 

- 

+ 

“T 

! 

+ 

• 

■ 

1 

1 

1. 

3 

4, 

5. 

6, 

S. 

9 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

20 

21. 

22 

23. 

24. 

25 

26. 

27. 

2S. 

29. 

30 

31 
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THE  FILTERED  RI^-ER  WATER  FROM  TAPS— Continued. 

shmcing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  floicing 
hydrant  at  the  Hygienic  Laboratory. 

JULY,  im. 


Dav  of  month. 


F ermentation  in  lactose  broth . 


10  c.  c. 


91 


THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 


Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  at  the  Hygienic  Laboratory — Continued. 

AUGUST,  1908. 


Fermentation  in  lactose  broth. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Day  of  month. 

0.1c.  c.  ' 

1 c.  c. 

10  c.  c. 

! ! 

- 

- 

! 

- 

_ 

+ 

j 

1 

1 _ 

1 - 

i + 

1 - 

- 

i 

1 

1 

1 - 

I 

+ 

i 

_ 

+ 

[ 

i 

1 

- 

j 

31 


92 


THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  at  the  Hygienic  Laboratory — Continued. 

SEPTEMBEE,  1908. 


Day  of  montli. 


Fermentation  in  lactose  broth. 


0.1  c.  c.  1 c.  c.  10  c.  c. 


1. 

2. 

3. 

4. 

5. 

6. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 
2.3. 

24. 

25. 
26 


28. 

29 

30 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  constantly  flowing 
hydrant  at  the  Hygienic  Laboratory — Continued. 


OCTOBER,  1908. 


1 

2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Day  of  month. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  0.  c. 

- 

- 

- 

- 
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THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  tap  at  3211  Thirteenth 

street  A^TT. 


JULY,  1908. 


1 

2 

3 

4 

5 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Day  of  montL. 

Fermentation  in  lactose  broth. 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

1 

- 

- 

- 

• + 

95 


THE  FILTERED  RIVER  WATER  FROM  TAPS— Continued. 

Table  showing  fermentation  in  lactose  broth  of  samples  taken  from  tap  at  3211  Thirteenth 

street  NW. — Continued. 

AUGUST,  1908. 


Fermentation  in  lactose  broth. 


Day  of  month.  | 

0.1  c.  c. 

1 c.  c. 

10  c.  c. 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

j 

- 

1 

1 

1 

1 

— 

4- 

1 

1 1 
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FILTERED  (STORAGE  RESERVOIR)  VL\TER. 
Percentage  of  samples  showing  B.  coli  and  fermentation. 


Date. 

Number 

of 

samples. 

B.  coli  in—  | 

Number 

of 

samples. 

Fermentation  in 
lactose  broth  in— 

Ic.  c.  ! 

10  c.  c. 

1 c.  c. 

10  c.  c. 

190  V. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

December 

25  1 

28.0 

76.0 

25 

28.0 

88.0 

190S. 

i 

January i 

26  ! 

15.3 

50.0 

26 

19.2 

80.8 

February 

22 

0.0 

18.2 

22 

0.0 

40.9 

March 

21  i 

0.0 

0.0 

24 

12.5 

41.6 

April 

25 

0.0 

i 4.0 

26 

3.8 

23.1 

May 

21 

0.0 

4.8 

21 

4.8 

i 9. 5 

June 

22 

0.0 

1 4.5 

! 24 

4.2 

20.8 

July ■ 

22 

0.0 

9.1 

24 

0.0 

25.0 

August 

25 

4.0 

8.7 

25 

1 4.0 

16-0 

September 

21 

0.0 

5.2 

; 21 

0.0 

19.0 

October 

26 

1 0.0 

7.  7 

26 

0.0 

11.5 

Noy  ember 

24 

0.0 

o 

o 

1 24 

; 0.0 

1 

0.0 

LAFAYETTE  SQUARE  TAP  WATER. 
Percentage  of  samples  giving  fermentation  in  lactose  broth. 


Date. 

Number 

of 

samples. 

In  1 c.  c. 

In  10  c.  c. 

1908. 

June 

6 

Per  cent. 
■0 

Per  cent. 
33 

July  

14 

21 

50 

August 

25 

8 

40 

September 

18 

0 

38 

October 

4 

0 

25 

WASHINGTON  CIRCLE  TAP  WATER. 
Percentage  of  samples  giving  fermentation  in  lactose  broth. 


Date. 

Number 

of 

samples. 

! 1 

In  1 c.  c. 

1908. 

June 

Per  cent.  ' 

July 

5 

23 

20 

4 

0 
13 
20 : 
0 ' 

August . 

September 

October 

In  10  e.  c. 


Per  cent. 


20 

17 

40 

50 
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FRANKLIN  SQUARE  TAP. 

Percentage  hf  samples  giving  fermentation  in  lactose  broth. 


Date. 

I Number 
of 

1 samples. 

In  1 c.  c. 

In  10  c.  c. 

1908. 

Per  cent. 

Per  cent. 

July 

7 

25 

18 

4 

0 

4 

11 

0 

28 

28 

33 

0 

SOUTH  WASHINGTON  (NEAR  WHARF)  TAP. 
Percentage  of  samples  giving  fermentation  in  lactose  broth. 

Date. 

Number 

of 

samples. 

In  1 c.  c. 

In  10  c.  c. 

1908. 

J une 

Per  cent. 

Per  cent. 

July 

3 
22 
18 

4 

0 

9 

16.6 

0 

33 

36 

39.8 

lb 

August 

September . . 

October 

HYGIENIC  LABORATORY  TAP. 
Percentage  of  samples  giving  Jermentation  in  lactose  broth. 

Date. 

Number 

of 

samples. 

In  1 c.  c. 

1 

In  10  c.  c. 

1 

1908. 

June 

Per  cent. 

i 

Per  cent. 

July 

6 

22 

17 

4 

16.6 

0 

17.6 

0 

49.8 
18 

52.9 
0 

August 

September 

October 

TAP  AT  3211  THIRTEENTH  STREET  NW. 

Percentage  of  samples  giving  fermentation  in  lactose  broth. 


1 

Date. 

Number 
1 of 

samples. 

In  1 c.  c. 

! 

In  10  c.  c. 

1908. 

June 

July 

August 

j --I 

5 

15 

Per  cent. 

i i 

0 ' 
13 

Per  cent. 

20 

CO 

September 

October 

i i 

1 

i 

1 
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Chart  No.  10  shows  the  percentage  of  10  c.  c.  samples  of  water 
from  the  filtered-water  reservoir  and  various  taps,  giving  the  pre- 
sumptive test  for  B.  coli  (fermentation  in  lactose  broth). 

It  will  be  noted  that  the  percentage  of  samples  of  water  from  the 
storage  (filtered)  water  reservoir  giving  fermentation  is  considerably 
lower  than  that  of  the  samples  taken  from  the  different  taps.  It  is 
difficult  to  explain  why  this  should  be  so.  Two  possible  explana- 
tions present  themselves. 

1.  Contamination  of  the  water  in  the  mains  by  suction  or  seepage 
into  the  mains  through  loose  joints,  cracks,  etc.  This  is  distinctly  a 
sanitary  engineering  problem. 

2.  Continued  life  and  perhaps  multiplication  in  the  mains  of  organ- 
isms capable  of  producing  fermentation. 

THE  RELATION  OF  TYPHOID  FEVER  TO  POTOMAC  RIVER  WATER. 

In  our  first  report  upon  typhoid  fever  in  the  District  of  Columbia 
in  1906  we  lacked  sufficient  data  to  draw  definite  conclusions  upon 
the  relation  of  the  Potomac  Kiver  water  to  the  disease.  In  our 
second  report  (for  1907)  we  concluded  that — ; 

The  filtered  Potomac  River  water  during  the  typhoid  season  of  1907  (May  to  Sep- 
tember) was,  according  to  present  bacteriologic  standards,  of  good  sanitary  quality 
and  so  far  as  could  be  ascertained  was  not  responsible  for  the  spread  of  the  infection. 

In  the  typhoid  season  of  1907  there  were  about  200  cases  less  than  in  the  1906  period. 
This  improvement  in  the  situation  suggests  that  the  diminution  of  the  amount  of 
typhoid  fever  in  the  District  of  Columbia  was  due  to  the  improvement  in  the  quality 
of  the  drinking  water  as  the  result  of  sand  filtration.  Positive  proof  of  this  can  not 
now  be  established. 

In  the  1908  period  the  filtered  water  was  found  to  be  of  about  the 
same  quality  as  it  was  in  the  1907  period,  and  the  rate  of  prevalence 
of  typhoid  fever  in  the  1908  period  was  about  the  same  as  it  was  in 
the  1907  period. 

The  number  of  cases  occurring  in  the  District  of  Columbia  in  the  four 
months  June,  July,  August,  and  September,  of  the  three  years,  was  as 
follows:  In  1906,  605  cases;  in  1907,  418  cases;  in  1908,  390  cases. 

The  results  of  the  bacteriological  examination  of  the  filtered  water 
for  periods  of  the  three  years  were  as  follows: 


Date. 

Where  taken. 

Number 

of 

samples. 

Average 
number 
of  bac- 
teria per 

Percentage  of 
samples  showing 
B.  coli— 

cubic  cen- 
timeter. 

In  1 c.  c. 

i 

In  10  c.  c. 

1906. 

Per  cent. 

Per  cent. 

[ Storage  reservoir 

13 

44 

7.  7 

15.4 

July  16  to  August  31,  inclusive 

[Tap 

60 

67 

3.3 

26.6 

1907. 

May  15  to  August  31,  inclusive 

Storage  reservoir. . 

91 

31 

0 

2.2 

1908. 

May  1 to  August  31,  inclusive 

Storage  reservoir 

90 

48 

1.1 

6.6 

PERCENTAGE  OF  10  C,  C.  SAMPLES  OF  WATER  FROM  THE  FILTERED  WATER  RESERVOIR 
AND  VARIOUS  TAPS  GIVING  FERMENTATION  IN  SUGAR  BROTH. 
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Lafayette  Square.  « Hygienic  Laboratory. 

Washington  Circle.  ....  3211  Thirteenth  street  NW. 

Franklin  Square.  Filtered  water  reservoir. 

Southwest  Washington. 
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Taking  the  B.  coli  content  as  an  indication,  it  is  evident  that  the 
filtered  water  during  the  1907  and  1908  periods  was  of  a better 
quality  than  it  was  in  1906. 

In  our  report  for  1907  ® we  stated  that — 

The  improvement  in  the  water  being  followed  by  the  lower  rate  of  prevalence  of 
typhoid  fever  in  the  summer  of  1907  suggests  cause  and  effect.  * * * However, 
it  should  be  borne  in  mind  that  the  prevalence  of  typhoid  fever  in  Washington  and 
other  communities  has  varied  considerably  in  different  years  during  which  the  con- 
ditions as  to  water,  etc.,  have,  so  far  as  known,  remained  approximately  the  same. 

The  good  results  following  the  purification  of  the  drinking  water 
sometimes  appear  rather  gradually.  In  some  cities  the  full  effects 
have  not  been  apparent  until  two  or  three  years  following  the  filtra- 
tion of  the  water  supply.  Washington  has  been  furnished  filtered 
water  since  October,  1905.  In  the  first  year  after  filtration  (1906) 
there  was  no  lowering  of  the  typhoid  death  rate  coincident  with  the 
improvement  in  the  water  supply.  In  fact,  the  rate  was  slightly 
higher  than  in  1905.  In  the  next  two  years  (1907  and  1908)  there 
was  a considerable  decrease  in  the  prevalence  of  the  disease  during 
the  warm  weather  season  (Jul}^,  August,  and  September).  The  rates 
for  the  other  (cool)  seasons  of  these  three  years,  however,  were  almost 
^ exactly  the  same. 

The  lower  prevalence  of  typhoid  fever  for  1907  and  1908  was  coin- 
cident with  a still  greater  improvement  in  the  water  than  was  attained 
in  1906 

Concerning  the  relation  of  the  Potomac  River  water  to  the  preva- 
lence of  typhoid  fever  in  W ashington,  there  is  still  some  difference  of 
opinion.  Three  main  questions  now  present  themselves: 

1.  Was  much  of  the  typhoid  fever  in  the  District  of  Columbia 
caused  by  infection  in  the  water  supplied  by  the  Potomac  River 
before  the  filtration  of  the  water? 

2.  Was  much  of  the  typhoid  fever  in  the  District  of  Columbia  in 
. 1906,  the  first  year  after  filtration,  caused  by  water-borne  infection? 

3.  Was  some  of  the  typhoid  fever  in  the  District  of  Columbia  in 
1907  and  in  1908,  the  second  and  third  years  after  filtration,  caused 
by  infection  introduced  by  the  filtered  Potomac  River  water? 

The  evidence  is  not  yet  sufficiently  complete  to  give  definite  and 
final  answers  to  the  first  two  of  these  questions.  While  much  may 
be  said  on  both  sides  of  these  questions,  it  will  be  necessary  to  await 
the  results  of  still  further  observations  on  the  typhoid-fever  situation 
and  of  further  bacteriologic  studies  of  the  water  before  arguments 
sufficiently  complete  to  point  to  fairly  definite  conclusions  can  be 
presented. 


Hygienic  Laboratory  Bulletin  No.  44,  p.  44. 
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In  answer  to  the  third  question,  we  are  satisfied  that,  as  the  results 
of  our  studies,  the  bulk  of  the  typhoid  fever  in  the  District  of  Columbia 
during  the  years  1907  and  1908  was  not  caused  directly  by  water- 
borne infection.  The  facts  do  not  prove,  however,  that  some  of  the 
infection  during  those  two  years  may  not  have  been  water  borne. 
The  amount  of  infection  so  conveyed  may  have  been  but  an  insignifi- 
cant part  of  the  whole,  }^et  the  amount  so  added  may  have  been  suf- 
ficient to  have  accounted  for  enough  typhoid  fever  to  keep  the  rate 
higher  than  it  should  be  for  a city  under  the  sanitary  and  climatic 
conditions  of  IVashington  and  having  pure  water. 

During  the  summer  periods  of  both  years  the  water  was,  according 
to  the  present  generally  accepted  bacteriological  standards,  of  good 
sanitary  quality,  and  it  certainly  does  not  seem  probable  that  such 
water  could  have  been  directly  responsible  for  more  than  a very  insig- 
nificant part  of  the  infection.  Yet  in  these  summer  periods  the 
typhoid-fever  rate  was  much  higher  than  in  the  other  seasons  of  the 
two  years. 

While  we  advocate  still  greater  improvement  of  the  city’s  water 
supply  by  increased  storage  or  the  use  of  a coagulant,  we  believe  that 
in  order  to  materially  reduce  the  prevalence  of  typhoid  fever  in  the 
District  of  Columbia  measures  will  have  to  be  directed  against  other 
factors  concerned  in  the  transmission  of  the  disease,  especially  con- 
tact and  milk. 

MILK. 

The  542  cases  gave  the  following  history  as  to  the  use  of  milk 
during  the  thirty  days  prior  to  onset  of  illness : 


" Number 

How  used:  of  cases. 

As  a beverage 228 

On  fruits  or  cereals,  but  not  as  a beverage 141 

In  hot  coffee  or  tea  only 64 

As  ice  cream  only  . 44 

As  ice  cream  and  as  condensed  milk 18 

As  condensed  milk  only 12 

None  in  any  way 32 

Not  determined 3 


Total - 542 


Of  those  using  milk  as  a beverage,  one  used  boiled  milk  exclu- 
sively; and  of  those  using  milk  on  fruits  and  cereals,  one  used  pas- 
teurized milk  exclusively. 

The  large  proportion  of  the  cases  which  gave  a history  of  having 
used  raw  milk  during  the  thirty  days  previous  to  illness  is  striking 
when  considered  in  connection  with  the  data  on  milk  obtained  for  the 
general  population  of  32  blocks  of  the  city.  (See  Table  No.  1,  p.  15.) 
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Of  1,101  households  canvassed,  only  614,  or  about  54  per  cent,  habit- 
ually used  raw  milk.  Of  the  remainder,  11  per  cent  used  home- 
heated  milk,  7 per  cent  commercially  pasteurized  milk,  11  per  cent 
condensed  milk,  2 per  cent  used  milk  very  rarely,  and  10  per  cent 
used  no  milk. 

There  are  now  in  IVashington  three  dairymen  (Xos.  3,  4,  and  10, 
see  chart  Xo.  9),  each  doing  a large  business,  who  have  installed  pas- 
teurizing machines  and  who  claim  that  all  the  milk  which  they  supply 
their  customers  is  pasteurized.  In  our  figures,  however,  we  confine 
the  number  of  cases  as  having  used  pasteurized  milk  to  those  who 
had  pasteurized  the  milk  after  receiving  it  from  the  dairy. 

Dairymen  Xos.  3 and  4 began  pasteurizing  their  supplies  of  milk 
about  July  1,  1908.  The  number  of  cases  of  typhoid  fever  among 
their  customers- per  100,000  gallons  of  milk  sold  during  the  t^’phoid 
seasons  of  the  two  years  before  pasteurization  and  the  year  of  pas- 
teurization (1908)  was  as  follows: 


Dairyman  Dairyman 
No.  3.  No.  4. 


16. 6 52. 5 

7. 1 21.  6 

5.8  10.1 


The  reduction  in  the  number  of  cases  since  pasteurization  is  marked, 
especially  for  dairyman  Xo.  4.  This  dealer  had  a pronounced  out- 
break among  his  customers  from  October  2 to  October  21,  1906. 
The  outbreak  was  attributed  to  mfection  iatroduced  into  the  milk 
from  a typhoid-fever  patient  on  one  of  the  farms  at  that  time  sup- 
plying this  dealer  with  milk.  If  pasteurization  of  the  milk  at  his 
dairy  had  been  done  at  that  tune,  the  outbreak  would  not  have 
occurred  and  Washmgton  would  have  been  saved  32  of  the  cases  of 
typhoid  fever  which  developed  m October,  1906. 

The  followmg  table  gives  the  number  of  cases  of  typhoid  fever  per 
100,000  gallons  of  milk  sold  by  the  prmcipal  dealers  durmg  the  three 


1906,  no  pasteurization 

1907,  no  pasteurization 
190S,  pasteurization . . . 


vears. 
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Dealer  No.— 

Number  cases  typhoid 
per  100,000  gallons 
milk  sold. 

Remarks. 

1906. 

1907. 

1908. 

1 

18.2 

7.1 

10.4 

2 

21.5 

23.4 

10.2 

3 

16.6 

7. 1 

a 5.8 

a Milk  pasteurized  summer  of  1908. 
b Outbreak  October  2-21, 1906;  32  cases, 
c Milk  pasteurized  summer  of  1908. 

4 

b 52.5 

21.6 

CIO.  1 

5 

22.0 

7.2 

16.8 

6 

23.7 

15.6 

13.3 

7 

35.0 

13.6 

9.1 

8 

36.6 

17.1 

18.8 

9 

35.2 

8.9 

13.4 

10 

6.7 

5.4 

7.3 

Bottles  sterilized  and  milk  pasteurized  during  all  three 
years. 

11 

18.2 

8.2 

d 35. 1 

d Outbreak  September  24  to  October  24, 1908;  19  cases. 

12  

12.7 

11.2 

2.3 

13 

ell3.9 

6.5 

14.0 

e Outbreak  July  6 to  August  20, 1906;  35  cases. 

14 

22.2 

8.6 

15  

/6.3 

1 Comparatively  small  dealer. 

16 

13.7 

8.1 

9.5 

17 

18.4 

5.2 

0.0 

Bottles  sterilized  and  special  milk  from  one  farm  during  all 
three  years. 

18 

28.2 

4.7 

3.4 

44 

26.7 

13.0 

46 

29.3 

8.3 

59 

187.5 

Outbreak  September  24  to  October  22, 1908;  33  cases. 

71 

5.7 

163 

g282.9 

25.0 

g Outbreak  June  8 to  August  17, 1907;  28  cases. 

It  should  be  noted  that  the  ratio  for  dealer  No.  10,  who  has  steril- 
ized bottles  and  pasteurized  milk  during  all  three  years,  has  been  con- 
sistently low. 

One  distinct  milk  outbreak  ® occurred  this  year  (1908).  This  was 
among  the  customers  of  milk  dealers  Nos.  11  and  59  (see  Chart  No. 
9).  There  were  in  the  course  of  this  outbreak  54  cases  with  onsets 
of  illness  from  September  24  to  October  24.  Two  of  these  cases  were 
reported  subsequent  to  October  31  and,  therefore,  are  not  included 
in  the  number  covered  by  our  period  of  investigation  (cases  reported 
from  May  1 to  November  1). 

Fifty-two,  or  about  10  per  cent  of  the  542  cases  investigated 
occurred  in  the  course  of  this  one  milk  outbreak  and  were  attributed 
to  infected  milk. 

Thirty-three  of  the  cases  were  among  the  customers  of  milk  dealer 
No.  59  and  21  among  the  customers  of  milk  dealer  No.  11. 

« “A  milk-borne  outbreak  of  typhoid  fever  traced  to  a bacillus  carrier,”  by  L.  L. 
Lumsden  and  William  C.  Woodward,  Journ.  Am,  Med.  Assn.,  vol.  52,  March  6,  1909, 
pp.  749-752. 


lumiiisiJ  K/r  ir 


. & M.  H.  S. 

LTIN  52,  HYGIENIC  LABORATORY 


BULLETIN  52,  HYGIENIC  LABORATORY, 


BULLETIN  62,  HYGIENIC  LABORATORY, 


BULLETIN  62,  HYGIENIC  LABORATORY, 


103 

The  following  table  gives  the  cases  date  of  onset  of  definite 
symptoms : 


Number  of  cases. 

Date  of  onset. 

' 

Among 
customers 
of  dealer 
No.  59. 

Among 
customers 
of  dealer 
No.  11. 

Total. 

Sept.  24 

2 

1 : 

3 

29 

1 

0 ' 

1 , 

! 30 

2 

2 

4 

Oct.  1 

1 

2 

3 

9 

1 

1 

2 

3 

2 

1 

3 

4 

0 

1 

1 

5 

1 

1 

' 2 

6 . 

2 

1 

3 

2 

3 

5 

8 

3 

0 

3 , 

9 

3 

3 

6 

10 

2 

1 

3 1 

11 

1 

0 

1 

12 

1 

0 

1 

13 

1 

0 

1 

14 

2 

1 

3 

] 15 

2 

0 

2 

i 16 

0 

1 

1 

1- 

1 

0 

1 

18 

2 

0 

2 

19  ... 

0 

0 

0 

20 

0 

0 

0 , 

21 

0 

0 

0 1 

99 

1 

1 

2 

23 

0 

0 

0 

24 

0 

1 

1 

Total 

33 

21 

54 

The  records  of  the  health  department  showed  that  during  the 
entire  twelve  months  preceding  this  outbreak  no  cases  had  occurred 
in  households  supplied  by  dairyman  No.  59  and  only  7 in  households 
supplied  by  dairyman  No.  11.  It  was  evident,  therefore,  that  there 
had  occurred  among  persons  supplied  with  milk  by  these  two  dealers 
an  unusually  large  number  of  cases. 

At  the  time  of  the  beginning  of  this  outbreak  the  prevalence  of 
typhoid  fever  generally  in  the  District  of  Columbia  was  on  the 
decline.  (See  Chart  Xo.  1.) 

The  sudden  and  marked  increase  in  cases  was  confined  to  sections 
of  the  city  supplied  with  milk  by  these  two  dealers  and  in  those  sec- 
tions the  unusual  number  of  cases  were  confined  to  persons  using 
milk  from  these  two  dealers.  Most  of  the  cases  were  in  the  western 
section  of  the  city  commonly  known  as  Georgetown.  Here  cer- 


104 


tainly  over  thdrty  other  dairymen  sold  milk  and  the  routes  of  some 
of  them  ramified  through  the  same  sections  as  those  of  Xos.  59  and 
11;  but  there  was  no  unusual  number  of  cases  among  the  customers 
of  any  of  these  other  dairymen. 

The  following  table  gives  the  age  and  sex  of  the  cases  attributed  to 
infection  in  milk  during  this  outbreak: 


Age  in  years. 

Number  of  cases. 

Male. 

Female. 

Total.  * 

0 to  4 

4 

1 

5 

5 to  9 

5 

8 

13  1 

i 10  to  14 

5 

3 

8 

' 15  to  19 

2 

i 20  to  24 

3 

3 ' 

' 6 

I 25  to  29 

1 

6 

7 

: 30  to  34 

3 

1 1 

! ^ 

: 35  to  39 

1 

3 

40  to  44 

0 

1 

1 

1 45  to  49 

0 

0 

0 

50  to  54 

0 

0 ' 

0 

55  to  59 

0 

0 

0 

60  to  64 

1 

1 

2 

65  to  69 

0 

1 

1 

Total 

25 

i 

29 

1 

54 

Thus  the  majority  of  the  cases  were  among  children,  about  50  per 
cent  of  the  cases  being  in  persons  under  15  years  of  age. 

The  history  of  the  cases  in  regard  to  the  use  of  milk  previous  to 


illness  was  as  follows: 

TT  ^ Number 

How  used:  of  cases. 

As  a beverage 30 

On  fruits  or  cereals,  but  not  as  a beverage 20 

In  coffee  only - 2 

As  ice  cream  only 2 

Total 54 

The  source  of  water  used  by  the  cases  for  drinking  during  the 
thirty  days  previous  to  illness  was  as  follows : 

Unboiled  tap  solely 28 

Unboiled  tap  principally  and  outside  of  the  District  of  Columbia 7 

Boiled  tap  solely 1 

Boiled  tap  principally  and  outside  of  the  District  of  Columbia  occasionally 7 

Boiled  tap  principally,  unboiled  tap,  and  outside  of  the  District  of  Columbia  occa- 
sionally   5 

Boiled  tap  principally,  but  unboiled  tap,  bottled,  and  outside  of  the  District  of 

Columbia  also 1 

Boiled  tap  principally,  unboiled  tap  occasionally 2 

Boiled  tap  principally,  bottled  water  occasionally 1 

Filtered  tap  principally  and  boiled  tap  occasionally 1 

Private  well  solely 1 

Total 54 
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The  various  drinking  waters  used  by  these  cases,  as  compared  with 
those  used  by  all  the  cases  of  the  1908  period  (see  table,  p.  47), 
offers  an  interesting  field  for  speculation  as  to  the  part  played  by 
drinking  water  in  constituting  susceptibility  to  typhoid  fever 
infection. 

The  54  cases  were  distributed  among  the  members  of  45  households. 
There  were  eight  instances  in  w^hich  two  or  more  members  of  the 
same  household  were  affected.  The  largest  number  of  cases  in  one 
household  w^as  three.  There  were  fifteen  instances  in  which  the 
members  of  the  household  who  used  milk  freely  were  affected,  while 
those  who  used  none  or  used  it  more  sparingly  escaped. 

Most  of  the  cases  were  among  well-to-do  persons. 

The  sanitary  conditions  of  the  residences  at  wliich  the  cases 
occurred  were  as  follows: 


Sanitary  condition: 

Good 

Fairly  good 

Rather  bad 

Bad 


Number  of  cases. 

25 

23 

6 

0 


Total 54 

Many  of  the  cases  had  a sudden  onset  of  definite  symptoms  with- 
out recognizable  prodromes  and  many  ran  a mild  course. 

Among  the  54  cases  there  were  eight  fatalities — mortality  rate  of 
14.8  per  cent,  which  is  rather  high  for  cases  due  to  milk-borne 
infection. 

Among  the  persons  associated  with  the  cases  attributed  to  milk 
infection  there  were  six  secondary  cases  attributed  to  infection  by 
contact  with  milk  cases. 

All  but  one  of  these  secondary  cases  were  reported  subsequent  to 
October  31  and  are  not  included  in  our  figures  on  contact  infection. 

The  synchronous  outbreaks  among  the  customers  of  these  two 
dairymen  at  once  suggested  a common  source  of  infection. 

Dairyman  No.  59  received  milk  from  two  farms.  One  of  these, 
in  the  District  of  Columbia,  was  owned  b}/  him  and  was  the  location 
of  his  dairy.  The  other  was  the  farm  of  Mrs.  X,  in  Maryland,  from 
which  he  received  about  40  gallons  of  milk  daily. 

Dairyman  No.  11  received  milk  from  about  22  different  farms 
located  in  Virginia  and  Maryland.  One  of  the  farms  supplying  this 
dairyman  was  that  of  Mrs.  X,  the  same  farm  which  furnished  a part 
of  No.  59’s  supply.  From  this  farm  dairyman  No.  11  received  about 
20  gallons  of  milk  daily.  Diagrammatically  the  situation  was  as 
follows. 
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Farm  of  Mrs. 


A most  careful  investigation  was  made  by  the  health  department  of 
the  District  of  Columbia  and  by  ourselves,  but  no  suspicious  illness 
could  be  learned  of  among  those  concerned  in  handling  the  milk  at 
the  dairy  of  dealer  No.  59  or  at  the  dairy  of  dealer  No.  11,  or  at  any 
of  the  farms  supplying  either  of  these  dealers  with  milk.  All  the 
evidence,  however,  pointed  very  strongly  to  the  farm  of  Mrs.  X as 
the  soiu-ce  of  the  infection,  and  as  there  had  been  no  suspicious  ill- 
ness on  this  farm  or  in  the  neighborhood  thereof  to  account  for  the 
infection  the  possibility  of  a bacillus  carrier  being  the  somce  of  the 
infection  presented  itself. 

Specimens  of  stools  and  urine  from  all  the  thirteen  persons  on  the 
farm  were  obtained  and  examined  at  the  Hygienic  Laboratory  for 
the  typhoid  bacillus.  All  were  negative  except  the  specimen  of 
feces  from  Mrs.  X;  this  specimen  contained  a large  number  of  typhoid 
bacilli. 

Mrs.  X had  had  typhoid  fever  about  eighteen  years  before  and 
had  been  in  robust  health  since  then.  She  had  more  to  do  with 
handling  the  milk  on  her  farm  than  any  of  the  others  there  so  con- 
cerned. There  were  a number  of  ways  to  accoimt  for  the  infection 
getting  into  the  milk,  since  infected  excreta  were  being  deposited 
in  an  open  privy  on  the  place.  Amorig  the  many  possible  ways  were 
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the  hands  of  persons,  flies,  and  barely  possibly  from  contamination 
of  the  water  supply  used  for  washing  the  milk  cans. 

Neither  dairymen  No.  59  nor  No.  11  mixed  the  milk  from  the  various 
farms  supplying  them  before  bottling  and  delivering  it  to  their  cus- 
tomers. Had  they  followed  this  custom,  which  is  rather  general  at 
the  other  dairies  in  Washington,  there  might  have  been  a much 
larger  number  of  cases  in  this  outbreak.  They  both  bottled  directly 
from  the  cans  as  the  cans  came  from  the  different  farms. 

Dairyman  No.  11  stated  that  he  was  quite  sure  that  all  the  milk 
which  he  received  from  Mrs.  X he  sold  to  a bakery,  where  it  was 
cooked.  However,  in  view  of  all  the  evidence,  it  seems  probable 
that  he  was  mistaken  and  that  some  of  the  milk  from  the  farm  of 
Mrs.  X was  bottled  at  his  dair}^  and  delivered  to  his  retail  customers. 
As  he  acknowledged  that  he  used  the  same  scorning  cloths  and 
brushes  on  the  milk  cans  w^hich  had  contained  the  milk  from  the 
farm  of  ^Irs.  X,  and  on  those  in  which  the  milk  he  bottled  and  retailed 
was  stored,  it  is  possible  that  the  infection  was  so  transferred  from 
the  cans  of  Mrs.  X to  the  other  cans. 

The  positive  finding  of  typhoid  bacilli  in  the  feces  of  Airs.  X was 
determined  on  October  16,  and  on  that  date  the  sale  of  milk  from 
her  farm  was  discontinued  by  order  of  the  health  officer.  Eight  days 
later — October  24 — the  last  cases  occmring  among  the  customers  of 
dairymen  Nos.  59  and  11  had  their  definite  onset  of  t}q)hoid  fever. 

In  each  of  the  three  years  in  which  we  have  studied  the  typhoid- 
fever  situation  in  Washington  one  or  more  pronounced  and  easily 
recognized  milk  outbreaks  have  occurred.  The  number  of  cases 
definitely  traced  to  milk  infection  has  amounted  to  about  10  per 
cent  of  the  cases  originating  in  the  District  of  Columbia  diuing  the 
periods  (Alay  1 to  November  1)  of  all  tlu*ee  years. 

Besides  the  cases  occurring  in  the  course  of  the  pronounced  out- 
breaks there  were  very  probably  scattering  cases  due  to  infected  milk 
which  could  not  be  traced.  This  surmise  is  supported  by  the  fact 
that,  coincident  with  the  periods  of  these  milk  outbreaks,  there  have 
been  increases  in  the  number  of  cases  not  definitely  attributable  to 
any  of  the  known  factors.  (See  Chart  No.  2.) 

A pernicious  custom  among  the  milk  dealers  of  Washington  is  the 
exchange  and  use  of  unsterilized  milk  bottles.  Bottles  used  for 
serving  milk  by  a certain  dealer  on  one  day  may  be  used  by  other 
dealers  on  the  next  day.  Only  two  or  three  of  the  milk  dealers  make 
any  pretense  of  sterilizing  the  bottles  after  collecting  them  from  the 
various  households  and  before  refilling  them  with  milk.  It  is  readily 
conceivable,  therefore,  how  bottles  which  have  contained  the  infected 
milk  of  a certain  dairy  may  carry  infection  to  milk  supplied  by  other 
dairies  and  so  be  responsible  for  scattering  cases  of  typhoid  fever 
among  persons  receiving  milk  from  these  other  dairies. 
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ICE  CREAM. 

The  history  of  the  cases  in  regard  to  the  eating  of  ice  cream  within 
the  thirty  days  prior  to  onset  of  illness  was  as  follows:  Yes,  395;  no, 
138;  not  determined,  9. 

Eighty-six  of  the  cases  gave  a history  of  having  eaten  ice  cream 
which  was  purchased  from  street  vendors.  Ten  other  cases,  with 
onsets  of  illness  distributed  over  a period  of  about  two  months,  ate 
ice  cream  at  a certain  bakery.  Among  the  persons  who  work  at 
this  bakery  a case  of  typhoid  fever  developed  in  the  summer  of  1907 
and  two  cases  in  the  summer  of  1908.  This  bakery  does  quite  a large 
business  in  a section  of  the  city  in  which  typhoid  fever  each  year  is 
somewhat  disproportionately  prevalent.  The  possibility  of  some 
one  at  this  bakery  being  a bacillus  carrier  occmred  to  us  and  speci- 
mens of  stools  and  urine  from  all  persons  at  the  bakery  were  examined 
bacteriologically;  but  all  were  negative  for  the  typhoid  bacillus. 

No  cases  this  year  could  be  traced  to  ice  cream,  but  in  view  of  the 
bad  sanitary  conditions  under  which  much  of  the  ice  cream  in  Wash- 
ington is  handled  (particularly  by  street  vendors)  this  year,  as  last, 
a certain  number  of  scattering  cases  probably  were  caused  by  infec- 
tion in  ice  cream. 

RAW  SHELLFISH. 


The  following  table  gives  the  history  of  the  cases  in  regard  to  the 
eating  of  raw  oysters  and  clams  from  time  to  time  during  the  thirty 
days  prior  to  the  onset  of  illness: 


Shellfish 

Yes 

No. 

Not  deter- 
mined. 

Oysters 

33 

495 

14 

Clams 

18 

510 

14 

The  small  number  of  cases  giving  a history  of  having  eaten  un- 
cooked shellfish  shows  that  shellfish  this  year,  as  was  the  case  in 
1906  and  1907,  could  not  have  been  the  means  of  transmitting  the 
infection  to  any  considerable  number  of  cases.  Furthermore,  dur- 
ing the  season — June,  July,  August,  and  September — when  typhoid 
fever  is  most  prevalent  in  the  District  of  Columbia  comparatively 
few  raw  oysters  or  clams  are  eaten. 
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OCCUPATION. 


In  the  following  table  are  given  the  occupations  of  the  cases,  along 
with  the  number  of  persons  engaged  in  such  occupations,  in  the 
District  of  Columbia,  according  to  the  United  States  census  of  1900: 


Occupation. 

Number  of  cases. 

Number  of  persons  en- 
gaged in  occupation, 
census  of  1900. 

Male 

1 Fe- 
male. 

Total. 

Male. 

Fe- 

male 

Total. 

Professional  pursuits: 

Electricians 

1 

i 0 

1 

461 

0 

461 

Journalists 

2 

' ® 

2 

398 

0 

398 

Lawyers 

1 

0 

1 

1,445 

0 

1,445 

Oflacials  (government) 

1 

0 

1 

900 

0 

900 

OflBcials  (bank) 

1 

' 0 

1 

1 

I 0 

1 

Artists 

1 

! 0 

1 

164 

146 

310 

Clergymen 

2 

0 

2 

504 

0 

504 

Physicians 

1 

* 0 

1 

881 

0 

881 

0 

3 

3 

1,598 

1,598 

Architects 

1 

0 

478 

0 

478 

Total 

12 

3 

15 

Domestic  and  personal  service: 

i 

Barbers  and  hairdressers 

1 

1 

^ 1 

2 

860 

0 

860 

Bartenders 

3 

1 0 

3 

591 

0 

591 

Housekeepers,  stewardesses 

0 

1 

1 

0 

529 

529 

Laborers,  not  specified 

27 

0 

27 

12, 476 

263 

12, 739 

Launderers,  laundresses 

2 

13 

15 

474 

7, 194 

7,666 

Nurses  and  midwives 

3 

3 

6 

231 

1,311 

1, 542 

Restaurant  and  saloon  keepers 

1 

i 1 

2 

612 

112 

724 

Servants  and  waiters 

9 

1 

19 

2,898 

15, 231 

20, 129 

Soldiers,  sailors,  marines  (United  States) 

2 

0 

2 

745 

0 

745 

W atchmen,  policemen,  firemen,  etc 

4 

0 

4 

1,667 

0 

1,667 

Total 

52 

1 29 

81 

Trade  and  transportation: 

— 

— 

Agents  (real  estate) ... 

4 

0 

4 

Bookkeepers  and  accountants 

1 

2 

3 

837 

482 

1, 319 

Clerks,  copyists 

11 

0 

11 

11,523 

4, 697 

14, 220 

Draymen,  hackmen,  teamsters 

13 

0 

13 

3,994 

0 

3,994 

Hostlers 

2 

0 

2 

410 

0 

410 

Hucksters,  peddlers 

7 

0 

7 

526 

0 

526 

Merchants,  dealers 

5 

0 

5 

3,945 

418 

4, 363 

Messengers,  errand  and  office  boys 

9 

0 

9 

1,345 

0 

1, 345 

Porters,  helpers  in  stores 

4 

0 

4 

921 

0 

931 

Salesmen  and  saleswomen 

9 

8 

17 

2,644 

1,320 

3,964 

Steam-railroad  employees 

5 

1 

6 

1, 185 

0 

1, 185 

Stenographers  and  typewriters 

6 

3 

9 

521 

708 

1,229 

Street-railway  employees 

4 

0 

4 

817 

0 

817 

Telegraph  and  telephone  operators 

0 

3 

3 

307 

(?) 

307 

Total 

28  i 

15 

43 

1 
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Occupation. 

Number  of  cases. 

i 

1 

; Number  of  persons  en- 
: gaged  in  occupation, 

' census  of  1900. 

Male. 

1 

Fe- 

male. 

Total. 

Male. 

Fe- 

male. 

i Total. 

Mechanical  and  manufacturing: 

1 

1 

Bakers 

! 2 

0 

2 

622 

(?) 

622 

Blacksmiths 

1 1 

0 

1 

( 775 

0 

775 

Boot  and  shoe  makers,  repairers 

2 

0 

2 

I 496 

0 

496 

Carpenters,  joiners 

2 

0 

2 

2,298 

0 

2,298 

Dressmakers 

0 

5 

5 

0 

2,993 

2,993 

Engineers,  firemen  (not  locomotive) .' 

3 

0 

3 

1,116 

0 

• 1,116 

Iron  and  steel  workers 

2 

1 0 

2 

1 300 

0 

300 

Machinists 

4 

0 

4 

1, 392 

0 

1,392 

Masons,  brick  and  stone 

2 

0 

2 

: 1^153 

0 

1,153 

Paper  hangers 

1 

0 

1 

363 

0 

363 

Plumbers,  gas  and  steam  fitters 

5 

0 

! 0 

1, 074 

0 

1,074 

Printers,  lithographers,  pressmen 

6 

2 

1 8 

i 2,942 

481 

3,323 

Tailors 

2 

0 

2 

[ 616 

0 

616 

Total 

32  i 

7 

39 

Miscellaneous: 

1 

Persons  attending  school 

88 

86 

174 

18, 788 

21, 116 

39,904 

Infants  and  small  children 

19 

13 

32 

(?) 

(?) 

(?) 

Housewives 

46 

46 

0 

35, 000 

35, 000 

Inmates  of  institutions 

9 

3 

12 

No  occupation 

4 

22 

26 

Tinners  and  stove  fitters 

1 

0 

1 

Inspector,  city  water  department 

1 

1 i 

1 

0 

1 

Elevator  hoys 

-1 

0 

2 

Chauffeurs 

] 

0 

1 

Charwomen 

0 

2 

2 

Gardeners,  truck 

1 

0 

1 

Gardeners,  landscape 

1 

0 

1 

Butchers 

1 

0 

1 

Draftsmen 

1 

0 

1 

Hotel  clerks 

1 1 

0 

1 

Clothing  collector,  philanthrophv 

1 ! 

0 

1 

Commercial  travelers 

1 ; 

0 

1 

Newsboys 

0 

5 

Photo-engravers 

1 i 

0 

1 

I 

Total 

1 : 

138  : 

172 

310 

Grand  total  

314 

228  : 

542 

This  year,  as  in  1907  and  1906,  the  disease  was  fairly  uniformly 
distributed  among  persons  regardless  of  occupations. 


INFECTION  BY  CONTACT. 

Of  the  542  cases,  66,  or  about  12  per  cent,  gave  a history  of  hav- 
ing had,  within  the  thirty  days  prior  to  onset  of  illness,  more  or  less 
free  and  intimate  association  with  typhoid  patients  in  the  febrile 
stage  of  the  disease,  and  were  attributable  to  infection  by  direct 
contact. 
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Of  the  523  cases  studied  in  1907,  about  13  per  cent,  and  of  the 
747  cases  in  1906  only  about  4 per  cent  gave  a history  of  association 
with  previous  cases  in  the  febrile  stage  and  were  attributed  to 
infection  by  direct  contact. 

In  the  number  of  cases  attributed  to  infection  by  direct  contact 
are  not  included  cases  giving  a history  of  association  with  previous 
cases  but  which,  on  account  of  the  precautions  being  taken  and  the 
conditions  generally,  were  considered  more  probably  attributable  to 
some  other  factor,  such  as  milk. 

The  following  table  gives  the  intervals  in  days  elapsing  between 
the  definite  onset  of  illness  of  the  66  secondary  cases  and  the  definite 
onset  of  the  primary  cases  from  which  these  66  cases  were  consid- 
ered to  have  contracted  the  infection,  the  figures  for  the  cases  studied 
in  1907  being  placed  in  a parallel  column: 


Number  of  days  elapsing  between 
onset  of  primary  and  secondary 
cases. 

Numbei 

ondarj 

1908. 

r of  sec- 
' cases. 

1907.  . 

0 

2 

8 

3 

3 

9 

2 

4 

10 

1 

3 

11 

0 

3 

12 ■ 

1 

2 

13 

3 

0 

14 

1 

1 

15 

1 

0 

16 

1 

1 

1" 

t 

0 

1 i 

18 

3 

2 

19 

0 

2 I 

20 

3 

1 

21 

1 

1 ! 

3 

1 i 

24 

0 

2 i 

25 

0 

3 I 

97 

0 

1 i 

28 

0 

2 

29 

2 

I 

2 ' 

30 

1 

2 

31 

1 

1 

32 

1 i 

0 

33 

1 

2 1 

1 

34 

1 

0 

35 

3 

1 

36 

0 

1 

37 

2 

0 

38 

1 

0 

39 

2 

1 

40 

3 

1 

41 

0 

1 

44 

1 

1 
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Number  of  days  elapsing  between 
onset  of  primary  and  secondary 
cases. 

Number  of  sec- 
ondary cases. 

1908. 

1907. 

45 

2 

0 

46 

1 

1 

47 

1 

0 

48 

1 

1 

49 - 

1 

0 

50 

2 

0 

51 

0 

1 

52 

1 

0 

53 

0 

1 

54 

0 

1 

64 

1 

0 

70 

1 

0 

80 

1 

0 

84 

1 

0 

Not  accurately  determined 

Interval  not  determined,  secondary 
cases  being  among  physicians, 
nurses,  helpers,  or  inmates  of  hos- 
pitals, who  were  more  or  less  con- 

0 

6 

stantly  exposed 

10 

12 

Total 

66 

70 

These  figures  do  not  support  the  view  held  by  H.  Conradi®  that  the 
infection  is  transmissible  most  often  during  the  earliest  days  of  the 
disease  and  frequently  in  the  incubation  period ; but  they  do  empha- 
size the  importance  of  exercising  the  utmost  precautions  to  prevent 
the  spread  of  infection  from  typhoid-fever  patients  from  the  onset  to 
the  end  of  illness. 

The  cases  attributed  to  direct  contact  with  previous  cases  are  indi- 
cated in  red  on  Chart  No.  2 and  by  chromes  on  maps  Nos.  8,  9,  and 
10.  In  some  instances  the  location  of  the  residence  of  the  secondary 
case  was  some  distance  from  that  of  the  primary  case,  the  infection 
presumably  having  been  contracted  during  visits  to  the  home  of  the 
primary  case. 

Among  the  cases  occurring  in  the  1908  period  not  definitely  attribu- 
table to  a known  factor  there  were  15  which  gave  a history  of  asso- 
ciation with  febrile  cases  suspected  to  be,  but  not  reported  as,  typhoid 
fever. 

There  was  strongly  suggestive  evidence  that  78  of  the  cases  were 
due  to  infection  indirectly  conveyed  by  persons  or  flies  from  pre- 
viously existing  known  cases. 

In  determining  that  conveyance  of  infection  by  flies  was  probable, 
the  proximity  of  the  house  occupied  by  the  primary  case  to  that  occu- 


^^Deut.  med.  Woch.,  Oct.  10,  1907. 
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pied  by  the  secondary  case,  the  number  of  flies  in  the  neighborhood 
and  the  readiness  with  which  they  could  pass  from  the  infected 
excreta  of  the  known  case  to  the  food  of  the  persons  subsequently 
attacked,  and  all  other  conditions  thought  to  have  any  bearing  on 
the  situation,  were  taken  into  consideration. 

Fom  cases  gave  a history  of  association  with  persons  convalescent 
from  typhoid  fever. 

Estimating  the  chances  of  these  97  cases  having  become  infected 
by  contact  at  about  50  per  cent,  and  adding  48  cases  so  deduced  to 
the  66  cases  considered  as  almost  certainly  having  been  infected  by 
contact,  there  were  114,  or  about  21  per  cent,  of  the  542  cases  attribu- 
table to  contact  infection. 

These  114  cases  comprise  about  17  per  cent  of  the  total  665  cases 
investigated,  as  against  about  15  per  cent  (estimated  on  the  same 
basis  of  probability)  of  the  670  cases  investigated  in  1907  and  about 
6 per  cent  of  the  866  cases  investigated  in  1906. 

BACILLUS  CARRIERS. 

In  consideration  of  the  likelihood  of  clironic  bacillus  carriers  playing 
a part  in  the  dissemination  of  t}q)hoid  fever  in  the  District  of  Columbia 
the  following  data  in  regard  to  known  association  of  the  542  cases 
with  persons  who,  within  the  five  j^ears  previous,  had  had  typhoid 
fever  were  obtained : 


Number  of  cases  and  amount  of  associa- 
tion. 


Association  30  days  prior  with  persons  who  had  had  typhoid 


fever  vithin— 

Intimate. 

Fairlj 

intimate. 

Slight. 

Total 

cases. 

6 months 

1 

1 

2 

4 

6 months  to  1 year 

9 

0 

2 

11 

1 to  2 years 

’ 8 , 

4 

3 

15 

2 to  3 years 

' 3 

0 

3 

6 

3 to  4 years 

* 3 

2 

0 

5 

4 to  5 years 

8 

0 

0 

8 

Total 

: 32 

7 

10 

49 

No  known  association 

I 

493 

Grand  total ■ 

i 1 

542 

i . 1 

i 

1 

For  people  living  in  a large  city  there  is,  of  course,  much  association 
with  persons  which  would  be  difficult,  if  not  impossible,  to  trace. 
Therefore  the  data  in  the  above  table  presented  for  the  cases  studied 
in  1908,  like  those  for  the  cases  studied  in  1907,  refer  almost  entirely 
to  association  with  members  of  the  family  or  with  intimate  acquaint- 
ances. The  number  of  cases  giving  a history  of  such  association  is, 
therefore,  far  below  the  actual. 

179— Bull.  52—09 8 
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Effort  was  made  to  obtain  from  persons  who  had  had  typhoid  in 
previous  years,  and  with  whom  the  cases  had  been  in  association  during 
the  thirty  days  prior  to  onset  of  illness,  specimens  of  feces  for  bacte- 
riological examination.  Thirty-two  such  specimens,  obtained  from 
persons  who  had  had  t^’^^hoid  from  six  months  to  twenty  years  pre- 
vious, were  examined  and  all  were  negative  for  the  typhoid  bacillus. 

Beside  these  there  were  examined  in  the  course  of  the  intensive 
study  in  special  districts  specimens  of  feces  from  71  persons  who  had 
had  typhoid  fever  from  one  to  ten  years  preAnous  and  all  were  negative 
for  the  t;\’p)hoid  bacillus.  (See  Table  Xo.  3,  page  16.) 

With  a view  to  forming  some  idea  of  how  many  persons  in  Wash- 
ington during  the  typhoid  fever  season  are  bacillus  carriers  we  had 
collected  and  examined,  from  July  16  to  Xovember  8, 1,014  specimens 
of  feces  and  26  specimens  of  urine  from  993  persons  living  in  32  blocks 
of  the  city.  The  method  followed  in  making  these  examinations  was 
as  follows: 

METHOD  OF  EXAMINING  FECES  FOE  THE  TYPHOID  BACILLHS. 

The  specimens  are  collected  in  2-ounce  wide-niouth  cork-stoppered 
bottles.  Each  bottle  is  accompanied  by  a piece  of  wood  to  be  used 
as  a spatula.  The  bottles  and  spatulas  are  sterilized  before  distribu- 
tion. In  collecting  the  specimens  instructions  are  given  to  place  a 
small  quantity  of  feces  about  the  size  of  a walnut  into  the  bottle  with 
the  wooden  spatula,  replace  the  cork,  and  label  at  once  with  the  name 
and  date.  The  bottles  are  distributed  throughout  the  day  and  col- 
lected next  morning  and  brought  to  the  laboratory  as  soon  as  practi- 
cable. 

About  10  c.  c.  of  sterile  bouillon  is  poured  into  each  bottle  and 
agitated.  This  bouillon  is  now  poured  off  into  a conical  graduate 
and  allowed  to  stand  one-half  to  one  hour,  during  which  time  heavy 
particles  settle,  and  it  is  supposed  the  upper  layers  of  such  a fluid 
will  be  more  apt  to  contain  motile  organisms  like  the  typhoid  bacillus. 

A bent  glass  rod  is  now  dipped  into  the  upper  layer  of  the  bouillon 
and  used  to  streak  five  Endo  plates.  These  are  incubated  24  hours, 
at  the  end  of  which  time  the  small  transparent  colorless  dewdroplike 
colonies  are  fished  and  planted  into  bouillon  These  bouillon  tubes 
are  incubated  24  hours.  A drop  or  two  of  horse  serum  of  high  agglu- 
tinatmg  power  for  B.  typhosus  is  then  added  to  the  24-hour  old  bouil- 
lon growth. 

With  a serum  of  very  high  agglutinating  power  definit-e  clumping 
is  evident  to  the  naked  eye  usually  within  15  to  20  minutes  and 
almost  invariably  within  an  hour.  Positive  growths  which  fail  to 
agglutmate  with  typhoid  agglutmin  should  be  tested  with  para- 
tAqihoid  serums. 
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If  agglutination  occurs  with  either  the  t3rphoid  or  paratyphoid 
serum,  agitate  the  tube  to  break  up  clumps  and  plate  out  some  of 
the  growth  either  on  Endo  or  lactose-litmus  agar  plates.  Xote  the 
appearance  of  the  colonies  after  24  hours.  Fish  one  or  more  of  these 
colonies  and  so  obtain  the  organism  in  pure  culture.  Then  carry  the 
organism  through  the  yarious  cultural  and  other  tests  required  to 
establish  positiyely  its  identity. 

DIRECTIOXS  FOR  MAKING  ENDOWS  MEDIFAI.® 

Make  4 per  cent  neutral  agar  as  follows:  Take  1 liter  distilled 
water,  add  5 grams  sodium  chloride,  10  grams  Liebig’s  extract  meat, 
10  grams  peptone. 

Dissolye  by  heating,  allow  to  cool,  and  place  on  surface  40  grams 
powdered  agar.  When  this  has  settled,  place  in  Arnold  sterilizer, 
coyering  beaker  with  paper,  and  cook  three  hours. 

Filter  through  cotton  on  a perforated  funnel  (Buchnerfilter)  by 
the  aid  of  a yacuum  or  allow  to  settle  while  slowly  cooling  and  dis- 
card the  bottom  turbid  stratum. 

Neutralize  to  litmus  paper  with  XagCOg  solution. 

Add  10  c.  c.  sterile  10  per  cent  XagCOg  solution. 

It  is  conyenient  at  this  point  to  put  up  the  medium  in  100,  200, 
and  400  c.  c.  quantities  in  flasks,  the  flasks  being  large  enough  to 
proyide  room  for  the  other  ingredients.  These  can  be  stored  until 
needed  for  use ; then  the  agar  is  melted  and  the  other  ingredients  added 
in  the  proper  proportion. 

Add  10  grams  chemically  pure  lactose.  It  is  important  that  this 
should  be  pure. 

Add  5 c.  c.  alcoholic  fuchsin  solution.  This  is  prepared  as  follows: 
To  10  grams  fuchsin  (not  acid  fuchsin)  add  100  c.  c.  96  per  cent  alcohol, 
shake,  allow  to  stand  20  hours,  and  filter  the  supernatant  fluid,  which 
is  used.  It  should  be  filtered  each  time  before  using. 

Add  25  c.  c.  freshly  made  and  sterilized  10  per  cent  sodium  sulphite 
solution. 

Sterilize  for  a few  mmutes  m the  Arnold  and  pour  plates  while  the 
medium  is  steaming  hot. 

The  medium  after  cooluig  should  be  nearly  colorless  to  transmitted 
light,  and  rose  or  flesh  colored  to  reflected  light. 

« References. 

Endo,  S,  Centblt.  f.  Bakt.,  yoI.  35,  Xo.  1,  1903-4,  p.  109. 

Klinger.  Arb.  a.  d.  Kais.  Ges.-Amt.,  1906,  p.  52.  See  also  Herford. 

Willson.  Jour,  byg.,  1905,  p.  429. 

Scheller.  Centblt.  f.  Bakt.,  Sept.  15,  1906,  p.  62. 

Clauditz.  Hyg.  runds.,  vol.  14,  1904,  p.  718. 

Herford.  Arb.  a.  d.  Kais.  Ges.-Amt.,  1906,  p.  62. 

Kayser.  Munch,  med.  Woch.,  1906,  p.  17-18. 
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The  lactose,  fuchsin  and  sodium  sidphite  solutions  must  be  added 
to  the  melted  agar  just  before  it  is  to  be  used.  The  plates  are  flown 
and  allowed  to  stand  20  minutes  imcovered  in  the  incubator  in  order 
to  do  away  with  water  of  condensation  and  to  obtain  a good  surface. 

Organisms  which  split  lactose  restore  the  red  fuchsin  and  appear 
as  deep  red  sharply  limited  opacpie  colonies  with  a greenish  surface 
sheen. 

The  typhoid  organism  produces  smaller  transparent  colonies, 
resembling  a small  drop  of  water. 


Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  Xovember  S,  1908. 


z 

y 

X 

Name  of  per- 
son. 

Street  address. 

'X. 

X 

T. 

g 

1 

i- 

j 1 

Eemarks. 

1 

A.  O 

21.33  F nw... 

9 

W 

F 

0 

OK 

716 

L 

Slight  bowel  trouble 

O 

G.  H 

2109  F nw... 

22  m. 

W 

F 

0 

716 

L 

July  4. 
Teething. 

3 

J.  T 

do 

5 

W 

M 

0 

OK 

716 

- 

L 

4 

E.  L.  S 

2116  Gnw... 

?30 

W 

F 

0 

7 21 

- 

L 

Acute  indigestion  from 

. j 
0 

'f.s 

do 

••> 

W 

F 

0 

OK 

7 22 

L 

fruit. 

Eecent  acute  indiges- 
tion. 

Acute  indigestion,  cas- 

6 

F.  K 

do 

4 

W 

F 

0 

7 15 

L 

- 

G.  W.  A.  W. 

2120  G nw. 

?40 

W 

F 

0 

OK 

719 

L 

tor  oil. 

Slight  occasional  diar- 

1 

s 

1 

' C.  H.  J 

A203 

2120  G nw. 

?50 

W 

M 

0 

7 19 

L 

rheas. 

Eecorrent  gastritis,  an 

1 

1 

9 

1 , 

i 

1 

! E.  H ' 

A103 

' 2120  G nw, 

?30 

W 

F 

7 19 

L 

attack  last  night. 
(See  Xos.  27A  and 
1013.) 

‘■'Chronic  intestinal  ca- 

10 

i J.  s 

A104 

604  22d  nw... 

4 

W 

M 

0 

OK  ; 

723 

M 

tarrh." 

Often  gets  stomach 

11 

W.  H.  J 

60S22dnw... 

?30 

W 

F 

5 

OK 

7 22 

M 

' trouble  from  over- 
eating. 

12 

W.  J 

do 

lo  m. 

W 

F 

0 

OK 

7 22 

_ 

M 

Occasional  stomach  at- 

13 

LA 

do 

?30 

W 

F 

m 

OK  i 

7 22 

M 

tacks. 

14 

L.  V.  McG.. 

610  22dnvr... 

•?25 

W 

F 

4 

OK 

7 23  i 

M : 

1.5 

G.  E.  M 

21.35  Gnw... 

21 

W 

M 

0 

1 

724  1 

M i 

Slight  transient  undi- 

16 

L.  O X 

616  22d  nw... 

I5 

W 

M 

0 

1 

7 24 

I 

agnosed  illness. 
Teething. 

17 

C.  T 

622  22d  nw... 

?2o 

w 

F 

.3 

OK 

7 23 

- 

i£ 

1? 

U.  B 

621  2-3d  nw... 

?30 

w 

M 

0 

OK 

7 24 

- 

M ’ 

Has  had  gall-bladder 

19 

20 

C.Y.Jr 

F.  M 

611  2.3d  nw... 
2127  Gnw... 

12 

19 

w 

w 

M 

M 

5 

0 

7 24  ' 
725  j 

- 

M 

M 

attacks. 

Slight  general  debility. 

21 

F.  J 

2124  Daly's  ct 

?4D 

c 

M 

“> 

OK 

7 27  ' 

- 

E 

22 

!H-  1-5 

702  22d  nw. 

?2.5 

w 

M 

0 

OK 

7 27  . 

i 

Wife  now  has  typhoid. 

1 

1 

i A12 

1 

■ 

1 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

Age. 

1 Color. 

X 

cc 

1 Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

1 Result. 

Examiner. 

Remarks. 

r 

years. 

23 

£.1 

720  21st  n\v. . 

6 

\V 

M 

1 

4 

OK 

7/28 

- 

R 

24 

W.  S 

730  21st  nw. . 

?65 

W 

M 

0 

OK 

7/28 

-■ 

R 

Recent  slight  heat  ex- 

haustion. 

25 

F.  P 

2104  H nw. . . 

?20 

W 

M 

4 

OK 

7/29 

- 

L 

Urine. 

26 

R.  G 

716  22d  nw... 

7 m. 

W 

F 

0 

OK 

7/29 

- 

L 

Digestive  disturbance 

6 weeks  ago. 

27 

M.  G 

do 

4 

W 

F 

0 

OK 

7/29 

_ 

L 

27  A 

C.  H.  J 

9190  G n \v 

7/29 

L 

Somewhat  improved. 

A103 

(See  Nos.  8 and 

1013.) 

28 

H.  McC 

700  22d  nw... 

2 

W 

F 

0 

OK 

7/29 

- 

L 

29 

H.  McC 

do 

8 

W 

M 

0 

OK 

7/29 

- 

L 

30 

W.  B.  S 

2120  G nw, 

?30 

w 

M 

4 

7/29 

- 

L 

Chronic  dyspesia. 

A302 

31 

G.  H.  M 

603  22d  nw... 

19 

w 

M 

7 

7/29 

- 

L 

Early  typhoid.  (See 

Nos.  239  and  1003.) 

32 

W.  S 

2200  H nw. . . 

11 

w 

M 

0 

OK 

7/29 

- 

L 

33 

L.  J 

2208H  nw... 

7 

c 

M 

0 

OK 

7/30 

- 

L 

34 

M.  M.  K.... 

2218  H nw. . . 

? 55 

w 

F 

0 

OK 

7/30 

- 

L 

35 

M.  T.  K 

do 

?30 

w 

F 

0 

OK 

7/30 

- 

L 

36 

L.  McC 

700  22d  nw... 

5 

w 

M 

0 

OK 

7/30 

- 

L 

37 

L.  McC 

. ..do 

12 

w 

M 

0 

7/30 

_ 

L 

Fever  and  headache  3 

weeks  ago. 

38 

C.  B 

2216  H nw. . . 

10 

w 

F 

0 

OK 

7/30 

- 

L 

39 

B.  B 

do 

12 

w 

M 

0 

OK 

8/3 

_ 

L 

40 

Z.  B 

do 

16 

W 1 

F 

1 

' 0 

OK 

8/3 

L 

41 

R.  B 

do 

19 

1 

W 1 

F 

1 0 

8/3 

L 

Recent  appendicitis 

42 

E.  B 

: do 

14 

1 

w 

F 

! 0 

OK 

8/3 

L 

43 

M.  B 

do 

8 

w 

M 

! 0 

OK 

8/3 

L 

44 

K.  G 

716  22d  nw... 

w 

M 

i 0 

OK 

7/30 

- 

L 

45 

V.  I 

720  21st  nw. . 

13 

w 

F 

0 

OK 

7/31 

- 

L 

46 

F.  I 

do 

15 

w 

M 

' 0 

OK 

7/31 

L 

47 

D.  I 

.do  ... 

11 

w 

F 

0 

OK 

7/31 

L 

48 

L.  I 

do 

17 

w 

F 

0 

OK 

8/1 

L 

49 

T.  I 

do 

9 

w 

M 

0 

OK 

8/1 

L 

50 

G.I 

. . .do 

3 

w 

M 

0 

OK 

8/1 

L 

51 

A.  I 

do 

11  m. 

w 

M 

0 

OK 

8/1 

L 

52 

A.  B 

735  23d  nw... 

6 

w 

M 

0 

OK 

7/31 

_ 

L 

53 

A.  B 

do 

8 

w 

F 

0 

OK 

8/1 

L 

54 

B.  B 

do. . . 

10 

w 

M 

0 

OK 

8/3 

L 

55 

G.  C 

do. 

3 

w 

F 

0 

OK 

7/31 

L 

56 

A.  G 

2206  H nw. . . 

15 

c 

M 

4 

OK 

7/31 

_ 

L 

Recent  slight  summer 

diarrhea. 

57 

W.  S 

1 Bessell’s  ct. 

15 

c 

M 

0 

OK 

7/29 

- 

M 

Urine. 

58 

A.  S 

.do 

11 

c 

M 

0 

OK 

7/29 

M 

Do. 

59 

T.  S... 

do 

10 

c 

M 

0 

OK 

7/29 

M 

Do. 

60 

R.  L 

717  23d  nw... 

?35 

c 

F 

0 

8/1 

- 

L 

Chronic  dyspepsia. 

61 

T.  L 

do. 

11 

c 

M 

0 

OK 

8/1 

L 

62 

A.  T 

2 Bessell’s  ct. 

6 

c 

F 

0 

OK 

8/1 

- 

L 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


'A 

iE 

Name  of  per- 
son. 

Street  address. 

S: 

< 

c 

VL 

c ' 

i 

I 

Date  of  examina- 
tion. 

Result. 

Remarks. 

Years. 

63 

I.  T 

2Bessell’s  ct. 

13 

C 

F 

0 ! 

OK 

8,1 

- 

L 

64 

W.  T 

do 

15  m. 

C 

M 

0 

OK 

81 

_ 

L 

65 

P.  J 

2214  Hnw... 

?25 

w 

F 

0 

OK 

8 1 

- 

L 

Chills  3 months  ago. 

66 

M.  D 

3 Bessell's  ct. 

13 

c 

F 

0 

OK 

83 

0 

L 

67 

M.  D 

do 

11 

c 

F 

0 

OK 

8/5 

_ '■ 

M 

68 

I.  D 

do 

9 

c 

M 

0 

OK 

8/3 

i 

L 

69 

L.  D 

do 

5 

c 

M 

0 

OK 

8/1  1 

i 

L 

70 

B.  D 

do 

2 

c 

F 

0 

OK 

8/1 

7 

L 

71 

M.  T 

2 Bessell’s  ct. 

10 

c 

F 

0 

OK 

S'3 

i 

L 

72 

X.  S 

717  23d  nw... 

? 55 

c 

F 

0 

83  i 

- 

L 

Chronic  dyspepsia. 

73 

H.  T.,  jr.... 

2214  H nw... 

oi 

w 

M 

0 

OK 

8/3 

- 

L 

74 

E.  McQ 

do 

? 30 

w 

M 

0 

8 3 

- 

Recovering  from  “gen- 

eralized tuberculo- 

sis.” (?!) 

75 

E.  L 

717 23d  nw... 

9 

c 

F 

0 

OK 

8/4 

- 

M ' 

76 

F.  A.  il 

2125  H nw. . . 

2 

tv 

F 

0 

OK 

8/4 

- 

M i 

77 

J.  T 

2 Bessell’s  ct. 

3 

c 

M 

0 

OK 

8/4 

- 

M 

78 

L.  S 

2218  Gnw... 

10 

w 

M 

0 

8 5 

- 

M 

Transient  diarrhea  and 

chills. 

79 

W.  S 

1 

c 

M 

1 

■_ 

] 

1 

, Urines.  (See  Xos.  57, 

80 

4.  S 

ll  Bessell’s  ct. 

M 

M ' 

> 

81 

T.  S 

c 

M 

j 

- 

M 

I 58,  59.) 

82 

S.  B 

2216  H nw. . . 

IS 

tv 

F 

0 

OK 

8/5 

- 

M 1 

Dysentery  1 month  ago. 

83 

T.  B 

2125  H nw... 

13 

tv 

F 

2 

OK 

8.5 

- 

M j 

84 

L.  R 

2143  H nw... 

5 

tv 

F 

0 

OK 

8 5 

- 

M 

85 

C.  R.,  jr 

do 

1 

tv 

M 

0 

OK 

85 

- 

M 

86 

E.  R 

do 

9 

tv 

F 

0 

OK 

8/5 

_ 

M 

87 

R.  K 

2209  Gnw... 

6 

c 

M 

0 

OK 

8,6 

- 

M 

88 

L.  K 

do 

4 

c 

F 

0 

OK 

S/6 

_ 

M 

89 

G.  K 

do 

5 

c 

M 

0 

OK 

8 6 

_ 

M 

90 

X.  J 

do 

11 

c 

M 

0 

OK 

86 

M 

91 

A.  V 

i 2147  H nw. . . 

9 

tv 

F 

0 

OK 

8,6  ; 

: — 

M 

92 

H.  V 

do 

12 

tv 

M 

0 

OK 

8,6 

_ 

M 

93 

E.  V 

do 

13 

tv 

F 

0 

OK 

8,6 

M 

94 

M.  V 

do 

7 

tv 

F 

0 

OK 

8,6 

_ 

M 

95 

E.  R 

2143  H nw.. . 

2 

: tv 

F 

0 

OK 

8,6  : 

- 

M 

96 

A.  R 

do 

7 

! 

F 

0 

OK 

8,6  ■ 

i - 

M 

97 

F.  M 

2125  H nw... 

? 30 

i tv 

F 

4 

8, '6 

' - 

M 

Summer  complaint 

yesterday. 

98 

J.  B.  McC... 

821  22d  nw. . . 

? 45 

w 

M 

4 

OK 

8 7 

^ - 

M 

99 

E.  McC 

do 

12 

tv 

F 

0 

OK 

■ 8T  i 

i - 

M 

100 

F.  McC 

do 

10 

tv 

M 

0 

OK 

8/7  1 

_ 

M 

101 

J.  M 

604  21st  nw.. 

13 

tv 

M 

0 

OK 

8,8  ; 

- 

M 

102 

R.  H 

610  21st  nw.. 

9 

tv 

F 

0 

OK 

8,8  1 

- 

M 

103 

F.  H 

do 

21 

! w 

M 

0 

OK 

88  1 

_ 

M 

104 

P.  0 

2106  G nw... 

12 

tv 

M 

0 

OK 

88  ' 

- 

M 

105- 

r.  0 

do 

6 

tv 

F 

0 

OK 

8/8  , 

_ 

M 

106 

J.  p 

621  22d  nw... 

12 

■ tv 

F 

, 0 

OK 

8.8 

M 

107 

M.  P 

■ do 

11 

! tv 

. F 

1 0 

OK 

8,8  , 

! - 

M 

d 

iz; 

s 

§ 

o 

<v 

Qi 

zn 

108 

109 

no 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 
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of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 
Continued. 


N ame  of  per- 
son. 

Street  address. 

Age. 

j Color. 

Sex. 

j Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

j Result. 

Examiner. 

Remarks. 

Years. 

I.  B 

619  22d  nw... 

12 

W 

F 

0 

OK 

8/8 

- 

M 

N.  McF.  A.. 

617  22dn\v... 

? 30 

W 

F 

6 

OK 

8/8 

- : 

M i 

A.  M 

603  22d  nw... 

?20 

w 

F 

0 

OK 

8/8 

- 

M 

Typhoid  in  house. 

E.  B 

2135  F nw.. 

5 

w 

F 

0 

OK 

8/8 

_ 1 

M i 

H.  B 

do 

3 

w 

M 

0 

OK 

8/8 

_ 

M 

N.  C 

2123  F nw... 

9 

w 

M 

0 

OK 

8/8 

- 

M 

F.  K 

2144  I nw 

11 

w 

M 

0 

OK 

8/8 

- 

M 

L.  K 

2116  G nw. .. 

1| 

w 

M 

0 

OK 

8/8 

- 

M 

A.  S 

608 22d  nw... 

6 

w 

F 1 

0 

OK 

8/10 

- 

M 

c.  s 

do 

5 

w 

M 

0 

OK 

8/10 

__ 

M 

A.  D 

612i  22d  nw.. 

w 

F 

0 

OK 

8/10 

- ; 

M 

R.  K 

614 22d  nw... 

4 

w 

F 

0 

OK 

8/10 

- : 

M 

M.  C 

2123  F nw... 

1^ 

w 

F 

0 

OK 

8/10 

- 1 

M 

0.  L 

622  22d  nw... 

12 

w 

F 

0 

OK 

8/10 

- i 

M 

G.  C 

607  22d  nw... 

14 

w 

F 

9 

OK 

8/10 

- 1 

M 

A.  B 

619  22d  nw... 

8 

w 

F 

0 

OK 

8/10 

- 

M 

N.  B.  (M.?). 

do 

3 

w 

M 

0 

OK 

8/10 

- 

M 

E.  C : 

829  22d  nw... 

9 

w 

F 

0 

OK 

8/10 

- 

M 

R.  C 

do 

6 

w 

M 

0 

OK 

8/10 

_ 

M 

B.  G 

825  22d  nw... 

7 

w 

M 

0 

OK 

8/10 

- 

M 

R.  G 

do 

9 

w 

F 

0 

OK 

8/10 

_ 

M 

C.  G 

do 

4 

w 

F 

0 

OK 

8/10 

M 

E.  W 

823  22d  nw... 

? 35 

w 

F 

? 

8/10 

_ 1 

M 

Chronic  “sewer-gas  poi- 

soning?” 

S.  W 

do 

?40 

w 

M 

?* 

OK 

8/17 

_ 

M 

Do. 

J.  J 

2144  I nw. . . 

14 

w 

M 

0 

OK 

8/10 

- 

M 

M.  L 

2119  H nw. . 

9 

c 

F 

0 

OK 

8/10 

- 

M 

B.  S 

2218  G nw. . 

19  M. 

w 

M 

0 

OK 

8/11 

M 

M.  C 

2228  G nw. . 

13 

w 

F 

0 

OK 

8/11 

- 

M 

K.  C 

do 

8 

w 

F 

0 

OK 

8/11 

_ 

M 

E.  C 

do 

7 

w 

F 

0 

OK 

8/11 

M 

L.  R 

2144  I nw... 

13 

w 

F 

0 

OK 

8/11 

- 

M 

F.  S 

61622dnw. . 

3 

w 

M 

0 

OK 

8/11 

- 

M 

M.  D 

62422dnw.. 

4 

w 

F 

0 

OK 

8/11 

- 

M 

G.M.(P.?).. 

2137  Fnw.. 

10 

w 

M 

0 

OK 

8/11 

- 

M 

0.  P 

61222dnw. . 

9 

w 

F 

0 

OK 

8/11 

- 

M 

L.  P 

do , 

3 

w 

M 

0 

OK 

8/11 

_ 

M 

J.  E 

607  23d  nw.. 

4 

c 

M 

0 

OK 

8/11 

- 

M 

S.  S 

2211  Fnw.. 

9 

c 

F 

0 

OK 

8/11 

- 

M 

H.  S 

do 

5 

c 

M 

0 

OK 

8/11 

_ 

M 

c.  s 

do 

4 

c 

M? 

0 

OK 

8/11 

M 

L.  R 

2221  Fnw.. 

6 

w 

M 

0 

OK 

8/11 

- 

M 

G.  S 

2130  Hnw. . 

11 

w 

F 

0 

OK 

8/11 

- 

M 

F.  K 

73322dnw.. 

21  ni. 

w 

M 

0 

OK 

8/11 

- 

M 

G.  K 

do 

6 

w 

F 

0 

OK 

8/11 

M 

A.  K 

do 

4 

w 

M 

0 

OK 

8/11 

M 

J.  B 

83122dnw.. 

?55 

w 

M 

0 

8/11 

— 

M 

Recent  summer  com- 

plaint. 

M.  R 

70722dnw... 

4 

w 

F 

0 

OK 

8/11 

- 

M 

I 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 
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es  and  urine  examined  for  typhoid  hacilli  July  16  to  November  8,  1908- 
Continued. 


street  address. 


Color. 

X- 

CD 

CQ 

Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

il 

Examiner. 

1 

; Remarks. 

i 

W 

M 

1 

0 

OK 

S/ll 

1 ' 

M 

W 

M 

0 

OK 

8/12 

- 

M 

w 

F 

0 

OK 

8/12 

1 - 

M 

j 

w 

M 

i 0 

OK 

8/12 

1 _ 

1 

M 

c 

M 

i ° 

OK 

8/12 

M 

1 

c 

F 

0 

OK 

8/12 

- 

M 

c 

F 

0 

OK 

8/12 

- 

M 

w 

F 

0 

j OK 

8/12 

- 

M 

c 

M 

0 

1 OK 

8/12 

- 

M 

1 

c 

F 

0 

1 

8/12 

1 + 

M 

Now  has  tjrphoid. 

w 

M 

0 

OK 

8/12 

- 

M 

c 

F?j 

0 

OK 

8/12 

- 

M 

c 

F 

0 

OK 

8/12 

- 

M 

w 

M 

0 

OK 

8/13 

- 

M 

w 

M 

0 

OK 

8/13 

- 

M 

w 

M 

0 

OK 

8/13 

- 

M 

w 

F 

0 

OK 

8/13 

- 

M 

c 

M 

0 

OK 

8/13 

- 

M 

w 

F 

0 

OK 

8/13 

_ 

M 

w 

F ' 

0 

OK 

8/13 

- 

M 

w 

M 

0 

OK 

8/13 

- 

M 

w 

F 

li 

OK 

8/13 

- 

M 

c 

M 

0 

8/13 

- 

M 

Whooping  cough  now . 

w- 

M 

0 

OK 

8/13 

- 

M 

w 

M 

0 

OK 

8/13 

— 

M 

w 

M 

2 ! 

OK 

8/13 

! - 

M 

w 

F 

0 

OK 

8/13 

~ ’ 

M 

w 

F 

0 

OK 

8/13 

_ 1 

w 

M 

0 

OK 

8/13  1 

- 

M 

w 

1 

F 

0 i 

OK 

8/13 ; 

- 

M 

1 

i C 

M 

0 

OK 

8/14  ' 

- 

M 

F 

0 ; 

OK 

8/14 

- ' 

M 

w 

F , 

0 1 

OK 

8/14  ^ 

- 

M 

YC  , 

i M ■ 

‘ 0 

OK 

8/14 

- 1 

M 

w 

M 

0 

OK 

8/14 

- 

M 

i w 

F j 

OK 

8/14  ; 

- 

M 

c 

m' 

0 

OK 

8/14 

- 

M 

F 

0 

OK 

8/14 

- * 

M 

c 

F 

0 

OK 

8/14 

- ; 

M 

w 

F 

0 

OK 

8/14  1 

- 1 

M 

c 

F 

0 

OK 

8/14 

1 

~ i 

M 

w 

F 

8 

OK 

8/14 

- ! 

M 

w 

M 

0 

OK 

8/14 

- 

M 

c 

F 

0 

8/14  ! 

1 

M 

Whooping  cough. 

w 

F 

0 1 

OK  : 

8/14  ' 

M 

w 

M 

5* 

OK 

8/14 

M 

Paratyphoid  ” 5 years 
ago. 

c 

F i 

0 i 

OK  : 

8/15  . 

- 1 

M 1 

2130  I nvr. . 
2226  Gnw. 

do 

621  23d  nw. 
609i  23d  nw 
2211  r nw. . 
60323d  nw. 
2102  H nw. 
713i23dnw 
713  23d  nw. 
2205 II  nw. , 
81323d  nw. 

do 

2120  Hnw. 

do 

do 

2221  F nw. . 
2124J  Daly’; 
court. 

2116  G nw. 

2104  I nw. . 

do 

2225  Hnw. 
2117Hnw. 
810  22d  nw. 

do 

812  21st  nw 
2213  Hnw. 

do 

do.... 

do 

71522dnw 

do 

734  22d  nw 

do 

736  22dnw 
2225  Hnw 
81523d  nw 
2202  I nw. 
81822dnw 
81022dnw 
821 23d  nw 
2207  H.nw 
do 

2117  H nw 
2107  I nw. 

2105  I nw. 

2119  H nw. 


Years. , 
16  m. 


li 

2 

4 
14 

8 

?35 

6 

3 

5 
9 


10 

6 

13 
?50 

10 

3 
6 

?25 

6 

2 

4 

14 


16 
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Specimens  of feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

Age. 

1 Color. 

« 

CO 

1 Previous  typhoid. 

Present  health. 

Date  of  examina^ 
tion. 

1 Result. 

U 

a 

1 

X 

w 

Remarks. 

Years. 

202 

A.  L 

818  22d  nw... 

14 

C 

M 

1 

OK 

8/15 

- 

M 

Probably  typhoid,  fall. 

1907. 

203 

R.  W 

2125  I nw 

3 

C 

M 

0 

OK 

8/15 

- 

M 

204 

P.  S 

2130  H nw 

13 

W 

F 

0 

OK 

8/15 

- 

M 

205 

M.  R 

2145  I nw.... 

9 

w 

F 

0 

OK 

8/15 

- 

M 

206 

E.  W 

2125  I nw 

2 

c 

M 

0 

OK 

8/15 

- 

M 

207 

I.  H 

2205  I nw 

15 

w 

M 

0 

OK 

8/15 

- 

M 

208 

H.  D 

2146  I nw 

12 

w 

M 

0 

OK 

8/15 

- 

M 

209 

R.  T 

823  23d  nw... 

14 

c 

F 

0 

OK 

8/15 

- 

M 

210 

F.  R 

713  23d  nw... 

?30 

c 

F 

20 

8/15 

- 

M 

Recurrent  "indiges- 

tion,” recent  attack. 

211 

M.  B 

2211  I nw.... 

4 

w 

F 

0 

OK 

8/15 

- 

M 

212 

E.  R 

823  23d  nw... 

12 

c 

F 

0 

OK 

8/15 

- 

M 

213 

E.  H 

2205  I nw 

10 

w 

F 

0 

OK 

8/15 

- 

M 

214 

C.  W 

2211 1 nw.... 

17  m. 

w 

F 

0 

OK 

8/15 

- 

M 

215 

T.  S 

2116  Gnw... 

5 

w 

M 

0 

OK 

8/15 

- 

M 

216 

H.  W 

2211 1 nw.... 

12 

w 

F 

0 

OK 

8/15 

- 

M 

217 

F.  B 

733  23d  nw... 

7 

w 

F 

0 

OK 

8/17 

- 

M 

218 

W.  B 

do 

4 

w 

M 

0 

OK 

8/17 

_ 

M 

219 

A.  C 

810  22d  nw... 

9 

w 

M 

0 

OK 

8/17 

- 

M 

220 

T.  E.  B 

2122  II  nw. . . 

?30 

w 

M 

3 

OK 

8/17 

- 

M 

221 

L.  W 

2211  I nw 

8 

w 

M 

0 

OK 

8/17 

- 

M 

222 

D.  S 

707  22d  nw, 

13 

w 

F 

0 

OK 

8/17 

- 

M 

A3. 

223 

E.  L 

901  22d  nw... 

2 

w 

F 

0 

OK 

8/17 

- 

M 

224 

A.  L 

do 

6 

w 

M 

0 

OK 

8/17 

_ 

M 

225 

I.  F 

2125  I nw.... 

13 

c 

F 

0 

OK 

8/17 

- 

M 

226 

M.  R.,  jr.... 

2145  I nw 

7 

w 

M 

0 

OK 

8/17 

- 

M 

227 

G.  R 

do 

10 

w 

M 

0 

OK 

8/17 

_ 

M 

228 

E.  L 

901  22d  nw... 

4 

w 

M 

0 

OK 

8/17 

- 

M 

229 

A.  P 

928  22d  nw... 

6 

w 

M 

0 

OK 

8/18 

- 

M 

230 

J.  P 

do 

8 

w 

F 

0 

OK 

8/18 

_ 

M 

231 

R.  E 

706  22d  nw... 

14 

w 

M 

0 

OK 

8/18 

- 

M 

232 

A.  E 

do 

12 

w 

F 

0 

OK 

8/18 

_ 

M 

233 

F.  L 

908  22d  nw... 

9 

w 

F 

0 

OK 

8/18 

- 

M 

234 

L.  L 

do 

12 

w 

F 

0 

OK 

8/18 

_ 

M 

235 

M.  K 

2145  I nw 

14 

w 

F 

0 

OK 

8/18 

- 

M 

236 

C.  S 

2216  Gnw... 

3 

w 

M 

0 

OK 

8/18 

- 

M 

237 

J.  S 

do 

6 

w 

M 

0 

OK 

8/18 

_ 

M 

238 

G.  S.. •... 

do 

2 

w 

M 

0 

OK 

8/18 

M 

239 

G.  M 

8/18 

M 

Now  has  typhoid.  (See 

Nos.  31  and  1003.) 

240 

V.  C 

2122  Daly’s 

3 

c 

F 

0 

OK 

8/18 

- 

M 

com't. 

241 

C.  L 

908  22d  nw... 

14 

w 

M 

0 

OK 

8/18 

- 

M 

242 

L.  K 

2145  I nw.... 

11 

w 

M 

0 

OK 

8/18 

- 

M 

243 

D.  H 

2101  F nw... 

9 

w 

F 

0 

OK 

8/18 

- 

M 

244 

L.  H 

do 

7 

w 

F 

0 

OK 

8/18 

M 

245 

H.  H 

do 

6 

w 

F 

0 

OK 

8/18 

_ 

M 

122 


Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  Xovemher  8,  1908 — 

Continued. 


■g 

Name  of  per- 
son. 

street  address. 

5: 

C 

3 

X 

K 

Previous  tyj)Iioid. 

? 

Date  of  oxainiiia- 
tion. 

1 

Exainlnor. 

Remarks. 

1 

Years. 

1 

246 

W.  S.  L 

2106  Pa.  ave., 

17  m. 

W 

M 

i 0 

OK 

8/19 

- 

M 

nw. 

247 

H.  L 

2104  Pa.  ave., 

8 

W 

M 

i 0 

OK 

8/19 

- 

M 

1 

j 

nv. 

! 

248 

N.  T 

2140  Pa.  ave., 

7 

W 

M 

0 

OK 

8 20 

- 

M 

nw. 

249 

R.  T 

do 

10 

W 

F 

2 

OK 

8 20 

_ 

il 

250 

G.  T 

do 

13 

w 

F 

0 

OK 

8 20 

M 

251 

J.  G 

2144  Pa.  ave.. 

3 

w 

M 

i 0 

OK 

! 8 20 

- 

M 

nw. 

252 

L.  G 

do 

10  m. 

w 

M 

; 0 

OK 

8/20 

_ 

M 

253 

E.  A 

2118  Pa.  ave.. 

5 

w 

F 

0 

OK 

8.20 

- 

M 

nw. 

254 

J.  A 

do 

10 

w 

M 

0 

OK 

1 820 

_ 

M 

L.  A 

do 

w 

F 

0 

OK 

8,20 

M 

256 

M.  A 

do 

14 

w 

F 

0 

OK 

I 8;20 

M 

257 

C.A.M 

do 

i ?35 

w 

F 

0 

1 8,20 

- 

M 

Gynecologic. 

258 

G.  S 

2130  Pa.  ave.. 

! 7 m. 

w 

F 

0 

OK 

8 20 

- 

M 

nw. 

259 

E.  S 

do 

2 

w 

F 

1 0 

OK 

8.20 

_ 

M 

260 

R.  W 

2122  Pa.  ave., 

j 15 

c 

M 

0 

OK 

8 20 

- 

M 

nw. 

261 

E.  C 

2100  Pa.  ave. 

4 

w 

M ' 

0 

OK 

8/20 

I - 

M 

1 

nw. 

262 

A.  T 

2124  Pa.  ave. 

' 14 

w 

M 

0 

OK 

8 '20 

_ 

M 

nw. 

263 

F.  B 

2221  St.  Paul’s 

9 m. 

c 

M i 

1 ® 

OK 

8,20 

R 

ct. 

264 

L.  C 

916  St.  Paul’s 

1 9 

c 

F 

0 

8 '22 

- 

R 

Worms. 

ct. 

265 

j M.  C 

do 

11 

c 

F 

0 

OK 

8'22 

- 

R 

266 

' M.  G 

2225  St.  Paul’s 

i ^ 

c 

. F 

5 

OK 

8 22 

- 

R 

ct. 

1 

267 

M.  L 

2104  Pa.  ave. 

10 

w 

M 

; 0 

' OK 

8/22 

- 

R 

nw. 

268 

, J.  P.  S 

2108  Pa.  ave. 

?35 

w 

F 

0 

1 

8.22 

- 

R 

Now  has  typhoid. 

nw. 

j 

1 

269 

C.  L 

902  22d  nw... 

7 

w 

M 

0 

OK 

8/22 

- 

R 

270 

P.  L 

do 

4 

w 

M 

0 

' OK 

8/22 

- 

R 

271 

L.  G 

920  St.  Paul’s 

4 m. 

c 

M 

0 

OK 

8/22 

- 

R,  C 

ct. 

272 

E.  C 

918  St.  Paul’s 

12 

c 

F 

i 0 

OK 

8'22 

- 

R,  C j 

ct. 

1 

273 

L.  D 

2223  St.  Paul’s 

3 

: C 

: F 

0 

OK 

822 

- 

R,  C ] 

ct. 

274 

A.  C 

701 24th nw. . 

11 

w 

M 

0 

OK 

8,22 

- 

R,  C 

See  Nos.  381  and  611. 

275 

W.  P.  C 

do 

9 

w 

M : 

OK 

8 22 

+ 

R,  C 

Typhoid  onset  7 weeks 

ago.  (See  Nos.  303 

! 

i 

and  463.) 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

Age. 

1 Color. 

X 

02 

Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

1 Result. 

Examiner. 

Remarks. 

Years. 

276 

J.  C 

701  24th  nw . . 

6 

W 

F 

0 

OK 

8/22 

- 

R,  C 

See  Nos.  396  and  616. 

277 

S.  M 

2327  G nw  . . . 

13 

C 

F 

0 

OK 

8/22 

- 

R,  C 

278 

L.  S 

2301  Gnw.... 

3 

C 

M 

0 

OK 

8/22 

- 

R,  C 

279 

F.  F 

2319  G nw. . . 

5 

C 

M 

0 

OK 

8/22 

- 

R,  C 

280 

E.  J 

2301  Gnw... 

15 

C 

F 

0 

8/24 

-1- 

R,  C 

Probably  has  typhoid. 

(See  Nos.  372  and  945.) 

280a 

E.  W 

2204  Pa.  ave. 

5 

C 

F 

0 

OK 

8/24 

- 

R,  C 

nw. 

281 

L.  V 

907  23d  nw... 

16 

W 

M 

2 

OK 

8/24 

- 

R,  C 

282 

T.  R 

2331  G nw... 

10 

C 

M 

0 

OK 

8/24 

- 

R,  C 

283 

H.  S 

2325  Gnw... 

1 

C 

M 

0 

OK 

8/24 

- 

R,  C 

284 

M.  N 

706  23d  nw... 

9 

C 

F 

0 

OK 

8/24 

- 

R,  C 

285 

J.  S 

2325  G nw... 

7 

C 

M 

0 

OK 

8/24 

- 

R,  C 

286 

G.  V.  P 

718  23d  nw... 

13 

C 

M 

8 

OK 

8/24 

- 

R,  C 

287 

F.  W 

2204  Pa.  ave. 

2 

C 

F 

0 

OK 

8/24 

- 

R,  C 

nw. 

288 

M.  P 

718  23d  nw... 

10 

C 

F 

0 

OK 

8/25 

- 

M 

289 

C.  B 

716  23d  nw... 

10 

C 

M 

0 

OK 

8/25 

- 

M 

290 

A.  N 

2312  H nw. . . 

8 

C 

F 

0 

OK 

8/25 

- 

M 

291 

A.  B 

716  23d  nw... 

12 

C 

F 

0 

OK 

8/25 

- 

M 

292 

M.  P 

718  23d  nw... 

14 

C 

F 

7 

OK 

8/25 

- 

M 

293 

R.  B 

716  23d  nw... 

14 

c 

M 

0 

OK 

8/25 

- 

M 

294 

J.  G 

2127  H nw... 

1 

w 

M 

0 

OK 

8/25 

- 

M 

Measles  July,  1908. 

295 

R.  C 

707  24th  nw.. 

8/25 

M- 

296 

F.  D 

719  24th  nw.. 

2 

w 

M 

0 

OK 

8/25 

_ 

M 

297 

L.  D 

do 

5 

w 

M 

0 

OK 

8/25 

_ 

M 

298 

B.  T 

739  24th  nw.. 

8 

c 

F 

0 

OK 

8/25 

- 

M 

299 

C.  S 

2301  Gnw... 

2 

c 

M 

0 

OK 

8/25 

- 

M 

, 300 

J.  H 

2303  G nw. .. 

8 

c 

M 

0 

OK 

8/25 

- 

M 

301 

R.  B 

2312  H nw... 

12 

c 

M 

0 

OK 

8/25 

- 

M 

302 

J.  T 

739  24th  nw.. 

5 

c 

M 

0 

OK 

8/25 

- 

M 

303 

W.  P.  C. ... 

701  24th  nw.. 

16 

w 

M 

OK 

8/25 

+ 

M 

Typhoid  in  July.  (See 

Nos.  275  and  463.) 

304 

R.  B 

718  St.Mary’s 

10  m. 

c 

M 

0 

OK 

8/25 

- 

M 

Subsequent  typhoid. 

ct. 

(See  No.  1040.) 

305 

T.  B 

do 

4 

c 

M 

0 

OK 

8/25 

_ 

M 

Subsequent  typhoid. 

(See  No.  1038.) 

306 

B 

do 

? 25 

c 

F 

10 

OK 

8/25 

M 

Typhoid  in  family. 

(See  No.  1036.) 

307 

M.  C 

707  24th  nw.. 

8/25 

M 

308 

M.  B 

733  24th  nw.. 

14 

w 

F 

0 

OK 

8/26 

_ 

M,H,C 

309 

C.  B 

718  St.  Mary’s 

5 

c 

M 

0 

OK 

8/26 

- 

M,H,C 

Subsequent  typhoid. 

ct. 

(See  No.  1037.) 

310 

W.  K 

703  24th  nw.. 

8 

w 

M 

0 

OK 

8/26 

- 

M,H,C 

311 

K.  K 

do 

13 

w 

F 

0 

OK 

8/26 

M,H,C 

312 

W.  D 

733  24th  nw.. 

2 

w 

M 

0 

OK 

8/26 

_ 

M,H,C 

313 

M.  M 

722  St.Mary’s 

10 

c 

F 

0 

8/26 

- 

M,H,C 

Malaria. 

ct. 

314 

M.  T 

707  24th  nw.. 

4 

w 

F 

0 

OK 

8/26 

- 

M,H,C 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  19G8 — 

Continued. 


1 

d 1 

^ Xameofper- 
S son. 

1 

6? 

Street  address. 

6 

< 

O 

© 

ai  ■ 

Previous  typhoid. 

Present  health. 

1 Date  of  examina- 
tion. 

Result. 

Examiner. 

Remarks. 

Years. 

315  1 E.  W 

721  24th  nw.. 

12 

w 

F 

0 

OK 

8/26  - 

M,H,C 

316  M.  W 

14 

tv 

M 

0 

OK 

8/26 ! - : 

M,H,C 

317  E.  S 

938  Va.  ave. 

6 

w 

M 

0 

OK 

8/26  i - 

M,H,C 

1 

sw. 

318  1 W.  L.  F 

920  Va.  ave. 

?30 

w 

M 

12 

OK 

8/26  1 - ■' 

sw. 

319  R.  P 

916  Va.  ave. 

1 

w 

M J 

0 

OK 

8/26  ' - ; 

M,H,C 

sw. 

i 

1 

1 

320  ; R.  M 

944  Va.  ave. 

7 m. 

w 

M ; 

0 

1 OK 

8/26  - 

M,H,C 

sw. 

321  1 A.  S 

927  C sw 

? 

F ; 

0 

8/26  - 

M,H,C 

; Torpid  liver  and  kid- 

i 

i : 

ney  trouble. 

322  ! E.  M 

944  Va.  ave. 

3 

tv 

M ; 

0 

‘ OK  ' 

8/26  - ^ 

M,H,C 

sw. 

1 ' 

323  J.  O'B 

941  C sw 

13 

tv 

M 

0 

' OK 

8/26  - 1 

M,H,C 

Subsequent  typhoid. 

324  J.  K 

703  24th  nw.. 

6 

W 

ti  ; 

0 

, OK 

8/26  - 

M,H,C 

325  E.  L i 

418  5th  se 

4 

G 

F : 

0 

; OK 

8/27  - 

M,H,C 

326  : M.  S ’ 

407  5th  se 

9 

c 

F 

0 

; OK 

8/27  - ^ 

M,H,C 

327  ' W.  W.  H ... 

do 

3| 

c 

ti 

0 

OK 

8/27  - 

M,H,C 

328  H.H 

do 

6 

c 

M 

0 

; OK 

8/27  - 

M,H,C 

329  M.  M 

413  5th  se 

c 

F 

0 

i OK 

8/27  - 

M,H  C 

330  il.  M 

do 

i ^ 

c 

F 

0 

: OK 

8/27  - 

M,H,C 

331  W.B.M.... 

do 

' 2 

c 

M 

0 

; OK 

8/27  - 

M,H,C 

332  A.  A 

417  5 th  se 

7 

c 

F 

! 0 

* OK 

8/27  - 

M,H,C 

333  X.  A 

.do 

10 

c 

F 

; 0 

! OK 

8/27  - 

I M,H,C 

334  A.  A 

do 

21 

c 

F 

1 

1 0 

; OK 

8/27  - 

M,H,C 

335  M.  D 

924  Va.  ave. 

3 

tv 

F 

^ 0 

! OK 

8/27  ' - 

M,H,C 

! 

sw. 

1 

336  M.  F 

920  Va.  ave. 

2i 

tv 

1 M 

0 

! OK 

8/27  - 

M,H,C 

j 

sw. 

1 

i 

i 

337  : J.  L.  B 

^ 1 

928  Va.  ave. 

8 

tv 

1 M 

0 

: OK 

8/27  - 

M,H,C 

sw. 

1 

i 

1 

338  , M.  T 

219  9th  sw. . . 

10 

tv 

M 

0 

; OK 

8/27  - 

M,H,C 

339  ■ H.  B 

930  Va.  ave. 

10 

tv 

F 

1 3 

1 OK 

8/27  - 

M,H,C 

sw. 

[ 

i j 

! ! 

i 

340  J.  M.  H 

i 932  Va.  ave. 

?35 

tv 

1 0 

OK  ' 

8/27  - 

' M,H,C 

1 

; Malaria  last  spring. 

j sw. 

i 

341  A.  T 

j 219  9th  sw. . . 

i 

; tv 

F 

! 0 

OK 

8/27  - 

M,H,C 

342  A.  Y 

i 940§Va.  ave. 

7 m. 

i tv 

M 

0 

OK 

8/27  i - 

M,H,C 

i sw. 

1 

343  A.  W 

! 708  23d  nw  . . 

?35 

' c 

M 

* 

1 OK 

8/27  - 

; M,H,C 

Typhoid  pneumonia 

i 

1 last  spring. 

344  J.  R.  McD.. 

934  Va.  ave. 

2 

tv 

il 

: 0 

OK 

8/27  - 

j M,H,C 

! sw. 

! 

345  H.  M 

' 944  Va.  ave. 

?35 

: tv 

F 

0 

: OK 

8/27  - 

M,H,C 

Chronic  dyspepsia. 

sw. 

346  F.  S 

' 938  Va.  ave. 

! 3 

1 ^ 

: OK 

8/27  - 

sw. 

1 

[ 

! 

I 

347  . J.  M 

1 927  C sw 

! ? 

i w 

F 

i 0 

1 OK  : 

8/27  1 - 

M,F,c ; 

d 

Z 

S 

I 

'o 

« 

c. 

cc 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 
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;s  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 
Continued. 


Street  address. 

Age. 

Color. 

X 

o 

i 

Previous  typhoid. 

1 

Present  health. 

i 

Date  of  examina- 
tion. 

Result. 

Examiner. 

Remarks. 

Years. 

938  Va.  ave. 

5 

W 

M 

0 

OK 

8/27 

- 

M,H,C 

sw. 

2322  H nw. . . 

6 

c 

M 

0 

OK  j 

8/27 

- 

M,H,C 

422  5th  se 

20  m. 

c 

F 

0 

OK 

8/28 

- 

M,  C 

do 

?30 

c 

F 

7 , 

OK  1 

8/28 

M,  C 

402  4th se.... 

4 

w 

M 

0 

I OK 

8/28 

- , 

M,  C 

414  5th  se 

11 

w 

F 

0 

1 OK  ' 

8/28 

i M,  C 

407  5th  se 

1 

c 

F 

0 

OK 

8/28 

- 

M,  C 

Summer  complaint  2 

weeks  ago. 

420  E se 

7 

c 

M 

0 

OK 

1 8/28 

- 

1 M,  C 

do 

4 

c 

F 

0 

OK 

8/28 

_ 

M,  C 

422  5th  se 

7 

c 

M 

0 

OK 

8/28 

- 

M,  C 

417  5th  se 

4 

c 

F 

0 

OK 

8/28 

- 

' M,  C 

425  5th  se 

4 

c 

F 

0 

OK 

! 8/28 

- 

' M,  C 

Summer  complaint 

recently. 

422  5th  se 

9 

c 

F 

0 

1 OK 

8/28 

- 

M,  C 

410  E se 

14 

c 

F 

0 

OK 

i 8/28 

- 

M,  C 

424  4th  se 

3 

w 

M 

0 

OK 

8/28 

- 

M,  C 

402  4th  se 

3 

w 

M 

0 

OK 

00 

00 

- 

M,  C 

2316  I nw.... 

4 

w 

M 

0 

OK 

! 8/28 

- 

M,  C 

2324  I nw 

10 

c 

,M 

0 

1 OK 

1 8/28 

- 

M,  C 

do 

4 

c 

F 

0 

OK 

8/28 

I - 

M,  C 

2318  I nw. . . . 

6 

w 

M 

0 

! OK 

8/28 

M,  C 

823  24th  nw  . 

11 

c 

F 

0 

OK 

; 8/28 

1 M,C 

2316  I nw.... 

6 

w 

F 

0 

OK 

i 8/28 

- 

i M,  C 

714  St.Mary’s 

9 

c 

M 

OK 

1 8/28 

- 

M,  C 

ct. 

1 

2316  I nw.... 

2 

w 

M 

OK 

8/28 

- 

! M,  c 

2315  G nw. .. 

i 

8/28 

_ 

M,  C 

See  Nos.  280  and  945. 

2319  Hnw... 

12 

c 

M 

0 

OK 

8/28 

_ 

M,  C 

2315  H nw. . . 

2 

w 

M 

0 

OK 

8/28 

- 

M,  C 

do 

5 

w 

M 

0 

OK  I 

8/28 

- 

M,  C 

2317  H nw. . . 

10 

c 

F 

0 

OK 

8/28 

- 

M,  C 

2321  H nw. . . 

21m. 

c 

M 

0 

OK 

8/28 

- 

M,  C 

do 

?20 

c 

F 

9 

OK 

8/29 

M,  C 

712  St.Mary’s 

?20 

c 

F 

7 

OK  ' 

8/29 

_ 

M,  C 

ct. 

2314  I nw 

20  m. 

w 

M 

0 

OK  i 

8/29 

- 

M,C 

’ Malaria  last  spring. 

701  24th  nw.. 

OK 

8/29 

M,  C 

1 See  Nos.  274  and  611. 

712  St.Mary’s 

? 

c 

M 

7 

OK 

8/29 

- 

1 

! M,C 

ct. 

! 

816  23d  nw... 

1 m. 

w 

M 

0 

OK 

8/29 

- 

M,C 

2318  I nw.... 

12 

w 

M 

0 

OK 

8/29 

- 

M,C 

928  Va.  ave. 

16  m. 

w 

1 

F 

0 

OK 

8/29 

- 

M,C 

sw. 

1 

834  23d  nw. . . 

10 

c 

M 

0 

OK 

8/29 

- 

M,C 

419  D se 

9 

c 

M 

0 

OK 

8/29 

- 

M,C 

do 

3 

c 

M 

0 

OK 

8/29 

M,  C 

714  St.Mary’s 

7 

c 

M 

OK 

8/29 

_ 

M,  C 

Ct. 

126 


Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  Xovember  8,  1908 — 

Continued. 


C 

= ^'““i2.'‘’"'-Streetaddiess. 

« ' 


390 

H.  J 

425  5th  se  . . . 

391 

E.  C 

2314  I n\v 

392 

J.  tv 

419  D se 

393 

M.  T 

408  4th  se 

394 

M.  H 

' 412  E se 

395 

N.  W 

419  D se 

396 

J.  C 

701 24th  nw.. 

397 

F.  J 

2318  I nw 

398 

R.  L 

412  E se 

399 

H.  J 

, 2318  I nw. . . . 

400 

L.  G 

420  E se 

401 

C.  J 

416  4th  se 

402 

V.  J 

do 

403 

C.  F 

303  Mass. 

ave.  ne. 

404 

W 

419  D se 

405 

M.  B 

718  St.  Marys 

ct. 

400 

L.  H 

9C3  24th  nw.. 

407 

M.  N 

926  Va.  ave. 

sw. 

408 

M.  J 

1 2318  I nw. . . . 

409 

H.  McC 

' 2313  I nw. . . . 

410 

A.  W 

832  23d  nw... 

411 

R.  H 

‘ 2305  I nw 

412 

T.  R.  C 

701  24th  nw.. 

413 

F.  M 

2321 1 nw. . . . 

414 

E.  McC 

2313  I nw. . . . 

415 

P.  McC 

do 

416 

L.  J 

806  23d  nw... 

417 

R.  N 

926  Va.  ave. 

sw. 

418 

L.  McC 

2313  I nw. . . . 

419 

M.  K 

812  23d  nw... 

420 

A.  X 

410  E se 

421 

L.  C 

325  Mass. 

ave  ne. 

422 

W.  W 

832  23d  nw... 

423 

L.  F 

325  Mass. 

ave.  ne. 

424 

D.  K 

812  23d  nw... 

425 

G.  E.  W.... 

2315  I nw 

426 

E.  R :.. 

327  Mass. 

ave.  ne. 

427  1 

1 M.  E 

301  Mass. 

ave.  ne. 
..do.... 


< 

1 Color. 

! 

i< 

o 

30 

23 

o 

T 

p 

Present  health. 

Date  of  examina- 
tion. 

73 

c;- 

1 Examiner. 

1 1 

Remarks. 

Years. 

17 

c- 

F ! 

6 

i OK 

8/29 

- 

j M.C 

3 

W 

F ' 

0 

OK 

8.129 

- 

: M,  c 

Recent  malaria. 

7 

c 

F 

0 

OK 

8.129 

- 

M,  C 

5 

w 

M 

0 

OK 

8, '29 

- 

M,  C 

10 

C 

M 

0 

' OK 

8/29 

- 

M,  C 

5 

C 

M , 

0 

OK 

8,'29 

- 

M,  C 

i 

OK 

8/29 

_ 

M,  C 

See  Nos.  276  and  616. 

10 

w 

M 

0 

OK 

8,-29 

_ 

M,  C 

11 

c 

M 

0 

; OK 

8/29 

- 

M,  C 

15  m. 

w 

F 

0 

i OK 

8/29 

- 

M,  C 

6 m. 

c 

F 

0 

; OK 

8/29 

- 

M,  C 

5 

w 

F 

0 

OK 

8,29 

- 

M,  C 

7 

w 

M 

0 

! OK 

8/29 

- 

M,  C 

9| 

w 

M 

0 

1 OK 

8/31 

- 

M,  C 

6 m. 

C 

F 

0 

1 OK 

8/31 

- 

! M,  C 

Recent  summer  com- 

plaint. 

3 

C 

F i 

0 

8/31 

4- 

M,  C 

! Nowhastjithoid.  (See 

; No.  1039.) 

?35 

c 

F 

3 

! OK 

8/31 

- 

M,  C 

5 

w 

F 

0 

^ OK 

8/31 

- 

M,  C 

7 

w 

M 

0 

OK 

8/31 

_ 

M,  C 

6 

w 

F 

0 

OK 

8/31 

- 

M,  C 

1 11 

C 

M 

0 

OK 

8/31 

1 “ 

M,  C 

4 

w 

M 

OK 

8, '31 

1 - 

M,  C 

16 

|w 

M 

0 

OK 

8/31 

- 

M,  C 

See  No.  737;  recent  ty- 

phoid in  family. 

3 

j w 

M 

0 

OK 

8/31 

: - 

M,  C 

1 

11 

' w 

M 

0 

OK 

8 31 

- 

M,  C 

9 

w 

M 

0 

OK 

8/31 

- 

M,  C 

14 

c 

F 

0 

OK 

' 8,  31 

- 

M,  C 

’ 3 1 

1 1 

w 

F 

0 

OK 

8/31 

1 

M,  C 

1 4 

F 

0 

OK 

^ 8/31 

1 - 

i M,  C 

? 

w 

F 

0 

OK 

8,31 

- 

^ M,  C 

1 

c 

F 

0 

OK 

8/31 

- 

M,  C 

?30  : 

w 

M 

3 

OK  : 

8,31 

- 

I M,  C 

12 

c 

M 

0 

OK 

8/31 

_ 

1 M,C 

2 

w 

M 

0 

OK  ' 

8,31 

_ 

M,  C 

? ! 

w 

F 

0 

OK 

831 

_ 

M,  C 

2 m.  ' 

tv 

M 

0 

OK 

8/31  ■ 

- 

M,  C 

6 

tv 

F 

0 

OK 

9/1  i 

- ■ 

M,  C 

12  i 

tv 

F 

0 

OK 

9,1 

- 

M,  C 

6 

tv 

F 

0 

OK 

9.1 

- 

M,  C 

428  I F.  E 
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Specimens  of feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

Age. 

1 Color. 

m 

Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

Result. 

Examiner. 

Remarks. 

i 

Years] 

429 

F.  M 

923  N.  H. 

6 

C 

F 

0 

OK 

9/1 

- 

M,  C 

ave.  nw. 

430 

E.  F 

810  23d  nw... 

9 

C 

M 

OK 

9/1 

- 

M,  C 

431 

A.  F 

822  23d  nw... 

3 

W 

F 

0 

OK 

9/1 

- 

M,  C 

Measles  recently. 

432 

A.  M 

305  Mass. 

12 

W 

M 

0 

OK 

9/1 

- 

M,  C 

ave.  ne. 

433 

C.  P 

931  N.  H. 

22  m. 

w 

F 

0 

OK 

9/1 

- 

M,  C 

ave.  nw. 

434 

0.  S.,  jr 

930 2.3d  nw... 

21 

W 

M 

♦ 

OK 

9/1 

- 

M,  C 

TjT)hoid,  May,  1908. 

435 

L.  H 

903  24th  nw.. 

13 

c 

F 

0 

OK 

9/1 

- 

M,  C 

436 

W.  O’C 

909  N.  H. 

7 

w 

M 

0 

OK 

9/1 

- 

: M,  C 

ave.  nw. 

437 

A.  O’C 

do 

55 

w 

M 

0 

OK 

9/1 

- 

M,  C 

438 

C.  H 

903  24th  nw.. 

10 

c 

M 

0 

OK 

9/1 

- 

M,  C 

439 

H O’C 

909  N.  II. 

9 

w 

F 

0 

OK 

9/1 

- 

M,  C 

ave.  nw. 

440 

0.  T.  O’C... 

do 

2 

w 

M 

0 

OK 

9/1 

- 

M,  C 

441 

S.  K 

812  23d  nw... 

? 

w 

M 

0 

OK 

9/1 

- 

M,  C 

442 

P.  K 

do 

? 

w 

F 

0 

OK 

9/1 

_ 

M,  C 

443 

H.  E 

301  Mass. 

10 

w 

F 

0 

OK 

9/1 

- 

M,  C 

ave.  ne. 

444 

H.  F 

927  N.  H. 

5 

w 

F 

0 

OK 

9/1 

- 

M,  C 

ave.  nw. 

445 

E.  W 

307  Mass. 

2 

w 

M 

0 

OK 

9/1 

- 

M,  C 

Recent  summer  com- 

ave. ne. 

plaint. 

446 

C.  W 

do 

8 

w 

F 

0 

OK 

9/1 

M,  C 

i Do. 

447 

J.  W.,  jr.... 

do 

6 

w 

M 

0 

OK 

9/1 

_ 

M,  C 

448 

E.  E 

620  23d  nw... 

16  m. 

w 

F 

0 

OK 

9/2 

M,  C 

449 

P.  S 

332  C ne 

11 

w 

F 

0 

OK 

9/2 

M,  C 

450 

G.  W 

818  23d  nw... 

8 

w 

F 

0 1 

1 

9/2 

— 

M,  C 

Cervical  adenitis. 

451 

1 L.  E.  B 

302  C ne 

?25 

w 

M 

1 

OK 

9/2 

- 

M,  C 

Typhoid,  Jan.,  1908. 

452 

J.  F 

927  N.  H. 

3 

w 

M 

OK 

9/2 

1 - 

M,  C 

1 ave.  nw. 

453 

F.  V.  L 

626  23d  nw... 

?25 

w 

M 

* 

OK 

9/2 

I _ 

; M,  c 

Typhoid,  July,  1908. 

454 

F.  G 

2314  G nw... 

12 

c 

F 

0 

OK 

9/2 

- 

M,  C 

455 

P.H 

2306  G nw . . . 

5 

c 

M 

0 

OK 

9/2 

- 

M,  C 

456 

S.W 

608  23d  nw . . . 

4 

c 

M 

0 

OK 

9/2 

- 

M,  C 

457 

A.  McE 

923  N.H.  ave. 

4 

c 

M 

0 

OK 

9/2 

- 

M,C 

nw. 

458 

E.  H 

2305  I nw 

2 

w 

F 

0 

OK 

9/2 

- 

M,  C 

459 

M.  G 

600  23d  nw . . . 

9 

w 

F 

0 

OK 

9/2 

- 

M,  C 

460 

J.  H.C 

2316  Gnw... 

3 

w 

M 

0 

OK 

9/2 

- 

M,  C 

461 

P.  K 

2308  G nw . . . 

10 

w 

M 

0 

OK 

9/2 

- 

M,  C 

462 

M.  J.  O’C... 

909  N.H.  ave. 

12 

w 

M 

0 

OK 

9/2 

- 

M,  C 

nw. 

463 

W.  P.  C 

701  24th  nw . . 

OK 

9/3 

M,  C 

See  Nos.  275  and  303. 

464 

A.  D 

300  C ne 

14 

w 

M 

0 

OK 

9/3 

M,  C 

465 

C.  W 

306  C ne 

11 

w 

III 

0 

OK 

9/3 

_ [ 

M,  C 

466 

E.  W 

9 

i w 

F 

0 

OK 

9/3 

_ 

M,  C 
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Specimens  of  feces  and  urine  examined  for  typhoid  hacilU  July  16  to  Xovember  8,  1908 — 

Contmued. 


z 

X 

Name  of  per- 
son. 

Street  address. 

< 

i 

X 

5 

c 5 

1 

1 

j 

X j 

Remarks. 

1 

467 

M.  P 

305  C ne 

Years. 

9 

V 

F ' 

0 

OK 

9 3 

1 

M.  C 1 

46S 

V.  P 

316  C ne 

12 

V 

M 

0 

OK 

9 3 

M.  C 

469 

L.  P 

10 

w 

F 

0 

OK 

93 

M.  C 

470 

L.  P 

7 

w 

F 

0 

OK 

9 3 

- 

M,  C 

471 

G.  B 

330  Cne 

6 

vr 

M 

0 

OK 

9 3 

- 

M,  C 

472 

E.  B 

3 

V 

M 

0 

OK 

93 

- 

M,  C 

473 

T.  E.  W.... 

323  Mass  are. 

13  m. 

w 

M 

0 

OK 

93 

M,  C 

474 

E.  E.  J 

ne. 

312  Cne 

12 

vr 

M 

0 

OK 

9 3 

_ 

M,  C 

475 

N.  C 

60S  23d  nw... 

4 

c 

M 

0 

OK 

9 3 

- ' 

M.  C 

476 

E.  P 

903  N.H.  aTe. 

13 

w 

M 

0 

OK 

9 3 

- 

M,C  j 

477 

C.  P 

nw. 

2322  Gnw... 

9 

c 

M 

0 

OK 

9 3 

1 

M.  C 1 

I 

i 

47S 

E.  J 

616  23d  nw... 

13 

c 

F 

0 

OK 

93 

- 

M.C 

1 

i 

479 

H.  P 

903  X.H.  ave. 

2 

V* 

F 

0 

OK 

9 3 

- 

M,  C 

1 

4S0 

M.  H 

nw. 

2306  G nw . . . 

- 

c 

F 

0 

OK 

9 3 

M,  C 

1 

4S1 

E.  G 

2314  Gnw... 

6 

c 

F 

0 

OK 

9 3 

- 

M,  C 

j 

4S2 

L.  H 

602  23d  nw... 

9 

w 

F 

0 

OK 

9 3 

- 

i M.  C 

1 Scarlet  fever  last  win- 

4S3 

J.  F 

2320  Gnw... 

10 

w 

M 

0 

OK 

. 93 

; M,  C 

ter. 

4S4 

W.  P 

2322  Gnw... 

7 

c 

M 

0 

OK 

9 3 

- 

M.C 

4S.5 

M.  C 

2316  Gnw... 

i 

V* 

F 

0 

OK 

9 3 

- 

M.  C 

456 

J.  J 

616  23d  nw... 

5 

c 

F 

0 

OK 

9 3 

■ - 

M.  C 

1 Measles  last  winter. 

457 

L.  P 

903  N.H.  are. 

6 

vr 

F 

0 

OK 

93 

- 

M.  C 

4S5 

R.  M 

nw. 

923  N.H.  are. 

9 

c 

F 

0 

OK 

9 3 

_ 

j M.  C 

! 

459 

A.  B 

nw. 

302  Cne 

?20 

w 

F 

OK 

93 

M.C 

I Typhoid.  March.  1905. 

490 

B.  L.  P 

305  Cne 

15 

w 

F 

0 

OK 

9 3 

- 

M.  C 

i 

491 

C.  C.  P 

316  Cne 

5 

V 

M 

3 

OK 

9 3 

- 

M.  C 

492 

E.  M 

320  Cne 

2 

w 

F 

0 

OK 

9 3 

- 

M.C 

i 

493 

E.  M 

do 

4 

vr 

M 

0 

OK 

93 

- 

M.  C 

494 

V.  M 

1 

w 

F 

0 

OK 

9 3 

- 

M,  C 

495 

R.  T 

322  C ne 

6 

V 

F 

0 

OK 

9 3 

- 

M.  C 

496 

I.  T 

do 

3 

V 

F 

0 

OK 

9'3 

- 

M.  C 

497 

C.  E 

301  Mass.  ave. 

14 

w 

M 

0 

OK 

9 3 

- 

M.  C 

See  Nck.  657  and  1021. 

495 

L.  B 

ne. 

524  2d  ne 

2i 

w 

0 

OK 

9 3 

M.  C 

! Recent  summer  com- 

499 

N.  F 

2320  Gnw... 

' 13 

w 

F 

i 0 

: 9 3 

M,  C 

plaint. 

i 

500 

B.  C 

2309  Va.  are. 

i 5 

w 

F 

0 

. 

’ OK 

' 9,3 

; - 

M.  C 

1 

501 

E.  G 

nw. 

600  23d  nw... 

9 

w 

! F 

1 OK 

93 

M.  C 

502 

J.  H.  S...... 

2311  Va.  ave. 

3 

V' 

1 ® 

1 OK 

9 3 

^ - 

M.  C 

503 

K.  C 

nw. 

2309  Va.  are. 

14 

i V 

U 

0 

OK 

: 9.3 

; M,  C 

504 

B.  C 

nw. 

11 

: vr 

1 

M 

. 0 

OK 

9,3 

. M,  C 

j 

i 
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Specimens  of feces  and  urine  examined  for  typhoid  hacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

Age. 

Color. 

o 

m 

j Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

1 Result. 

, 1 
s 1 

1 i 

Remarks. 

505 

S.  S 

2315  Va.  ave. 

Years. 

8 

C 

M 

1 

0 

OK 

9, '4 

M,  C 

506 

M.  C 

nw. 

2309  Va.  ave. 

9 

W 

F 

0 

OK 

9/4 

_ 

M,  C 

507 

s.  s 

mv. 

2315  Va.  ave. 

13 

C 

F 

0 

OK 

9,4 

_ 

M,  C 

508 

C.  H 

nw. 

2329  Va.  ave. 

8 

W 

M 

0 

OK 

9.'4 

_ 

M,  C 

509 

A.  B 

nw. 

2319  Va.  ave. 

4 

W 

F 

0 1 

OK  i 

9,'4 

_ 

M,  C 

510 

I.  II 

nw. 

2329  Va.  ave. 

2 

IV 

F 

oi 

OK 

9/4 

_ 

M,  C 

511 

G.  S 

nw. 

2315  Va.  ave. 

3 

C 

F 

0 

OK 

9,4 

_ 

M,  C 

512 

E.  B 

nw. 

2319  Va.  ave. 

7 

W 

F 

0 

OK 

9/4 

_ 

M,  C 

513 

R.  H 

nw. 

2329  Va.  ave. 

9 

w 

0 ; 

OK  : 

9, '4 

_ 

M,  C 

514 

R.  C 

nw. 

2316  Gnw.... 

10 

tv 

F 

0 

OK 

9,4 

_ 

M,  C 

515 

R.  S 

2315  Va.  ave. 

14 

c i 

M 

0 

OK 

9 4 

- 

M,  C 1 

516 

C.  S 

nw. 

2311  Va.  ave.  ' 

18  m. 

w 

M 1 

0 

OK 

9,4 

_ 

M,  C 

517 

I.  B 

nw.  i 

2319  Va.  ave. 

9| 

w 

F 

0 

OK 

9/4 

_ 

M,  C 

518 

E.  C 

nw. 

2323  V a.  ave. 

? 

c 

i 

F 

0 

OK 

9, '4 

_ 

11,  C 

519 

M.  S 

nw.  ! 

. 2315  Va.  ave. 

10  i 

c 

' 1 

' I'  ' 

0 

OK 

9,4 

_ 

If,  C 

520 

G.  S 

nw. 

2311  Va.  ave. 

? 

w 

F 

4 

OK 

9/5 

_ 

M,  C 

521 

j J.  S 

nw. 

2311  Va.  ave. 

?25 

V’ 

M 

0 

OK 

9/5 

_ 

, M,  C 

522 

L,. 

nw. 

2329  Va.  ave. 

12 

tv 

F 

0 

OK 

9/5 

_ 

M,  C 

523 

G.  B 

nw. 

2319  Va.  ave. 

15 

w 

M 

0 

OK 

9/5 

_ 

M,  C 

524 

A.  B 

nw. 

do 

?50 

tv 

F 

0 

' 9/5 

i- 

: M,  C 

Dyspepsia. 

525 

P.  D... 

2325  E nw. . . 

13 

c 

i ^ 

1 0 

OK 

9/5 

1 - 

M,  C 

526 

M.  Y 

1 2327  E nw... 

10 

tv 

F 

0 

OK 

9/5 

1 - 

j M,  c 

527 

M.  A' 

do 

8 

tv 

F 

0 

OK 

9 5 

- 

M,  C 

528 

E.  L 

2313  E nw. . . 

6 

c 

M 

0 

OK 

9/5 

1 

1 M,  C 

529 

* L.H 

2329  Va.  ave. 

14 

w 

F 

0 

OK 

9,5 

M,  C 

530 

i F.  H 

nw. 

do 

5 

tv 

, F 

0 

1 OK 

9/5 

_ 

M,  C 

531 

M.  S 

2315  Va.  ave. 

15 

c 

, F 

0 

OK 

9/5 

- 

M,  C 

532 

N.  A 

nw. 

2325  E nw. . . 

15  m. 

c 

^ F 

0 

OK 

9/5 

M,  C 

533 

R.  L 

2313  E nw... 

1 11 

c 

^ M 

0 

OK 

9/5 

M,  C 

179— Bull.  52—09 9 


d 

;z 

c 

c 

o 

S 

w 

534 

535 

536 

537 

538 

539 

540 

541 

542 

543 

544 

545 

546 

547 

548 

549 

550 

551 

552 

553 

554 

555 

556 

557 

558 

559 

560 

561 

562 

563 

564 

565 

566 

567 

568 

569 

570 

571 

572 

573 

574 

575 

576 

577 

578 

579 

580 

581 
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and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 
Continued. 


street  address. 

1 Age. 

Color. 

y, 

<o 

m 

1 Previous  typhoid. 

Present  health.  | 

Date  of  examina- 
tion. 

1 Result.  I 

1 

Examiner.  1 

Remarks. 

Years. 

500  23d  nw... 

14 

W 

F 

0 

OK 

9/5 

- 

M,  C 

502  23d  nw... 

3 

W 

M 

0 

OK 

9/5 

- 

M.  C 

514  23d  nw... 

6 

W 

M 

0 

OK 

9/5 

- 

M,  C 

522  23d  nw... 

? 

W 

F 

0 

? 

9/5 

- 

M,  C 

Grip  last  winter. 

620  23d  nw... 

6 

W 

M 

0 

OK 

9/5 

- 

M,  C 

506  23d  nw... 

7 

W 

M 

0 

OK 

9/5 

- 

M,  C 

do 

12 

W 

F 

0 

OK 

9/5 

- 

M,  C 

502  23d  nw... 

5 

w 

F 

0 

OK 

9/5 

j 

M,  C 

514  23d  nw... 

8 

w 

F 

0 

OK 

9/5 

- 

M,  C 

516  23d  nw... 

8 

w 

M 

!'  0 

OK 

9/5 

- 

M,  C 

610  23d  nw... 

4 

c 

F 

0 

OK 

9/5 

- 

M,  C 

514  23d  nw... 

13 

w 

F 

0 

OK 

9/5 

! 

1 

M,  C 

516  23d  nw... 

12 

w 

F 

0 

OK 

9/5 

! _ 

M,  C 

512  23d  nw... 

15 

w 

M 

0 

OK 

9/5 

- 

M,  C 

516  23d  nw... 

7 

w 

F 

0 

OK 

9/5 

- 

M,  C 

610  23d  nw... 

10 

c 

M 

0 

OK 

9/5 

- 

! M,  C 

516  23d  nw... 

3 

w 

F 

0 

OK 

9/5 

- 

M,  C 

610  23d  nw... 

9 

c 

F 

0 

OK 

9/5 

- 

M,  C 

do 

8 

c 

M 

0 

OK 

9/5 

- 

M,  C 

do 

18  m. 

c 

M 

0 

OK 

9/5 

- 

M,  C 

514  23d  nw... 

11 

w 

F 

0 

OK 

9/5 

- 

M,  C 

3 

w 

F 

0 

OK 

9/5 

- 

M,  C 

516  23d  nw... 

10 

w 

F 

0 

OK 

9/5 

- i 

M,  C 

do 

5 

w 

M 

0 

9/5 

1 

M,  C 

Has  chicken  pox  now. 

506  23d  nw... 

5 

w 

F 

0 

OK 

9/5 

M,  C 

502  23d  nw... 

8 

w 

F 

0 

OK 

9/5 

- 

M,  C 

520  23d  nw... 

9 

w 

F 

0 

OK 

9/8 

- 

M,  C 

610  23d  nw... 

11 

c 

F 

0 

OK 

9/8 

- 

M,  C 

do 

6 

c 

M 

0 

OK 

9/8 

- 

M,  C 

2330  G nw. .. 

? 

w 

F 

0 

OK 

9/8 

- 

M,  C 

2306  G nw. . . 

12 

c 

M 

0 

OK 

9/8 

- 

M,  C 

610  23d  nw... 

12 

c 

F 

0 

OK 

9/8 

“ 1 

M,  C 

2327  E nw... 

12 

w 

F 

0 

OK 

9/8 

- 

M,  C 

506  23d  nw... 

2 

w 

F 

0 

OK 

9/8 

- 

M,  C 

50524th  nw. . 

11 

c 

M 

0 

OK 

9/8 

_ 1 

M,  C 

2327  E nw. . . 

14 

w 

F 

0 

OK 

9/8 

- 

M,  C 

520  23d  nw... 

12 

w 

F 

0 

OK 

9/8 

- 

M,  C 

522  22d  nw... 

11 

w 

F 

0 

OK 

9/9 

- 

M,  C 

524  22d  nw... 

8 

w 

M 

0 

OK 

9/9 

- 

M,  C 

Recent  slight  heat  af- 

fection. 

2203  E nw... 

7 

c 

F 

0 

OK 

9/9 

- 

M,  C 

508  23d  nw... 

2 

w 

F 

0 

OK 

9/9 

- 1 

M,  C 

do 

?30 

w 

F 

7 

OK 

9/9 

- i 

M,  C 

2215  D nw. . . 

3 

c 

M 

0 

OK 

9/9 

_ I 

1 

M,  C 

do 

7 

c 

M 

0 

OK 

9/9 

1 

M,  C 

412  22d  nw... 

11 

c 

M 

0 

OK 

9/9 

- ! 

M,  C 

532  23d  nw... 

?30 

w 

F 

2 

OK 

9/9 

_ 1 

i 

M,  C 

519  24th  nw.. 

18  m. 

c 

F 

0 

OK 

9/9 

- 

M,  C 

2215  D nw... 

15  m. 

c 

F 

0 

OK 

9/9 

M,  C 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908— 

Continued. 


Specimen  No.  I 

Name  of  per- 
son. 

Street  address. 

Age. 

Color. 

X 

a 

m 

Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

Result. 

Examiner. 

Remarks. 

Years. 

1 

582 

D.  T 

512  Rickett’s 

11 

C 

M 

1 

OK 

9/9 

- 

M,  C 

ct. 

583 

G.  H 

2224  E nw... 

20  m. 

C 

M 

0 

OK 

9/9 

- 

M,  C 

584 

P.  W 

519  Rickett’s 

6 

C 

F 

0 

OK 

9/9 

- 

M,  C 

ct. 

585 

M.  B 

2215  D nw... 

5 

C 

F 

0 

OK 

9/9 

- 

M,  C 

586 

M.  B 

2125  D nw... 

10 

C 

F 

0 

OK 

9/9 

- 

M,  C 

587 

J.  B 

do 

6 

C 

F 

0 

OK 

9/9 

_ 

M,  C 

588 

E.  H 

2224  E nw... 

3 

C 

F 

0 

OK 

9/9 

- 

M,  C 

589 

M.  N 

512  Rickett’s 

12 

C 

F 

0 

OK 

9/9 

- 

M,  C 

ct. 

590 

M.  L 

525  Rickett’s 

4 

C 

M 

0 

OK 

9/9 

- 

M,  C 

ct. 

591 

M.  K 

510  23d  nw.. . 

14 

w 

F 

0 

OK 

9/9 

- 

M,  C 

592 

C.  E.  C 

519  24th  nw. . 

6 

c 

M 

0 

OK 

9/9 

- 

M,  C 

593 

L.  B 

529  24th  nw. . 

4 

c 

F 

0 

OK 

9/9 

- 

M,  C 

594 

W.  A 

515  24th  nw.. 

6 

c 

M 

0 

OK 

9/9 

- 

M,  C 

595 

H.  A 

do 

2 

c 

F 

0 

OK 

9/9 

M,  C 

596 

I.  J 

2321  Va.  ave. 

10 

c 

F 

* 

9/9 

- 

M,  C 

Typhoid  convalescent. 

nw. 

! 

597 

H.  A 

515  24th  nw.. 

18  m. 

c 

M 

0 

OK 

9/9 

- 

M,  C 

598 

A.  C 

525  24th  nw. . 

5 

c 

M 

0 

OK 

9/9 

- 

M,  C 

599  ! 

I.  J 

2321  Va.  ave. 

2 

c 

F 

0 

OK 

9/9 

- 

M,  C 

nw. 

600 

L.  A 

515  24th  nw.. 

4 

c 

F 

0 

OK 

9/9 

- 

M,  C 

601 

P.  S 

506 23d  nw... 

7 

w 

M 

0 

OK 

9/9 

- 

M,  C 

602 

L.  D 

410  22d  nw... 

12 

c 

F 

0 

OK 

9/10 

- 

M,  C 

603 

J.  S 

2217  D nw... 

4 

c 

F 

0 

OK 

9/10 

- 

M,  C 

604 

M.  B 

521  Rickett’s 

4 

c 

F 

0 

OK 

9/10 

- 

M,  C 

ct. 

605 

V.  H 

do 

12 

c 

F 

0 

OK 

9/10 

M,  C 

606 

E.  B 

do 

9 

c 

M 

0 

OK 

9/10 

M,  C 

607 

J.  J 

517  Rickett’s 

10 

c 

M 

0 

OK 

9/10 

~ I 

M,  C 

ct. 

608 

D.  B 

516  Rickett’s 

4 

c 

M 

0 

OK 

9/10 

- 1 

M,  C 

ct. 

609 

A.  B 

do 

6 

c 

M 

0 

OK 

9/10 

M,  C 

610 

M.  L 

525  Rickett’s 

? 18 

c 

F 

4 

OK 

9/10 

- 

M,  C 

ct. 

611 

A.  C 

701  24th  nw. . 

OK 

9/10 

M,  C 

See  Nos.  274  and  381. 

612 

E.  L 

513  24th  nw. . 

9 

c 

M 

2 

OK 

9/10 

- 

M,  C 

613 

E.  L 

525  Rickett’s 

8 

c 

F 

0 

OK 

9/10 

- 

M,  C 

ct. 

614 

M.  B 

516  Rickett’s 

13 

c 

F 

0 

OK 

9/10 

- 

M,  C 

ct. 

615 

E.  J 

517  Rickett’s 

4 

c 

M 

0 

OK 

9/10 

- 

M,  C 

ct. 

616 

J.  C 

701  24th  nw. . 

OK 

9/10 

M,  C 

See  Nos.  276  and  396. 

617 

J.  L.,., 

2222  E nw, . . 

4 

c 

M 

0 

OK 

1 9/10 

- 

C 

6 

:z; 

s 

s 

o 

ft 

CO 

618 

619 

620 

621 

622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 
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Continued. 


Street  address. 

Age. 

Color. 

Se.x. 

1 Previous  typhoid. 

Present  health. 

! 

Date  of  examina- 

t 

1 

1 

1 

Result. 

Examiner. 

Remarks. 

517  Rickett’s 

Years. 

8 

C 

F 

0 

OK 

9/10 

M,  C 

ct. 

2217  D nw. . . 

13 

c 

M 

2 

OK 

9/10 

- 

M,  C 

2224  E nw. . . 

? 25 

c 

F 

4 

OK 

9/10 

- 

M,  C 

521  Rickett’s 

3 

c 

M 

0 

OK 

9/10 

- 

M,  C 

ct. 

517  Rickett’s 

7 

c 

F 

0 

OK 

9/10 

- 

M,  C 

ct. 

518  Rickett’s 

6 

c 

F 

t) 

OK 

9/10 

- 

M,  C 

ct. 

i 

do 

4 

c 

M 

0 

OK 

9/10 

- 

M,  C 

522  22d  nw. . . 

4 

w 

F 

0 

OK 

9/10 

- 

M,  C 

51123d  nw... 

8 

c 

F 

0 

OK 

9/10 

- 

M,  C 

Urine. 

2203  E nw. . . 

19  m. 

c 

F 

0 

OK 

9/11 

- 

M,  C 

Recent  summer  com- 

 do 

14 

c 

F 

0 

OK 

9/11 

M,  C 

plaint. 

2224  F nw, 

13 

w 

F 

0 

OK 

9/11 

- 

M,  C 

A40. 

2224  F nw, 

2 

w 

M 

0 

OK 

9/11 

- 

M,  C 

A42. 

2148  D nw. . . 

12 

c 

F 

0 

OK 

9/11 

- 

M,  C 

2222  E nw. . . 

17  m. 

c 

F 

0 

OK 

9/11 

- 

M,  C 

Pneumonia  February, 

2224  F nw. 

23  in. 

w 

F 

0 

OK 

9/11 

M,  C 

1908. 

A21. 

353  22dnw... 

11 

c 

F 

0 

OK 

9/11 

_ 

M,  C 

2148  D nw... 

11 

c 

F 

0 

OK 

9/11 

- 

M,  C 

349  22d  nw. . . 

15 

C 

F 

0 

OK 

9/11 

- 

M,  C 

353  22d  nw. . . 

13 

C 

M 

0 

OK 

9/11 

- 

M,  C 

349 22d  nw... 

3 

c 

M 

0 

OK 

9/11 

- 

M,  C i 

334  22d  nw. . . 

? 40 

c 

F 

0 

9/11 

- 

M,  C 

Stomach  trouble. 

2148  D nw. . . 

9 

c 

F 

0 

OK 

9/11 

- 

M,  C 

349  22d  nw... 

3 

c 

F 

0 

OK  1 

9/11 

- 

M,  C j 

do 

?30 

c 

M 

2 

OK 

9/11 

- 

M,  c ! 

do 

?25 

c 

F 

0 

1 

9/11 

- 

M,  C 

Indefinite  ill  health. 

2212  D nw... 

12 

c 

M 

1 

OK 

9/11 

- 

M,  C 

2218  D nw. . . 

9 

c 

F 

0 

OK 

9/11 

- 

M,  C 

2222  E nw. . . 

6 

c 

F 

0 

OK 

9/11 

- 

M,  C 

2220  E nw... 

7 

c 

F 

0 

OK 

9/11 

- 

M,  C 

505  23d  nw. . . 

1 

w 

M 

0 

OK 

9/11 

- 

M,  C 

Recent  summer  com- 

2216 D nw. . . 

15 

c 

F 

0 

OK 

9/11 

M,  C 

plaint. 

2152  D nw... 

4 

c 

F 

0 

OK 

9/11 

- 

M,  C 

525  Rickett’s 

13 

c 

M 

6 

OK 

9/11 

- 

M,C 

ct. 

2222  E nw.. 

9 

c 

F 

0 

OK 

9/11 

- 

M,  C 

521  Rickett’s 

? 

c 

F 

0 

9/11 

- 

M,  C 

'‘Bowel  trouble.” 

ct. 

624  Pa.  ave. 

?10 

w 

M 

OK 

9/11 

- 

M,  C 

Typhoid  in  August, 

se. 

1908. 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  Xoremher  8,  1908 — 

Continued. 


d 

Z 

X 

Name  of  per- 
son. 

Street  address. 

2: 

Color. 

a 

■3 

_o 

2 

w 

Date  of  cxaniliui- 
tion. 

ili 

1 

Remarks. 

Years. 

\ 

1 

655 

C.  F 

2204  Va.  ave. 

C 

M 

0 

OK 

9,14 

- 1 

M,  C 

nw. 

656 

E.  A 

2202  Va.  ave. 

4 

C 

F 

0 

OK 

■ 9/14 

- ' 

M,  C 

nw. 

657 

D.  F 

2204  Va.  ave. 

3 

c 

F 

0 

OK 

9,14 

- ' 

M,  C 

nw. 

658w 

I.  F 

do 

C 

F 

0 

OK 

9,14 

, _ ! 

M,  C 

659 

E.  B 

502  22d  nw  . . 

7 

c 

M 

0 

OK 

9,14 

I - ! 

M,  C 

660 

J.  A 

2210  Va.  ave. 

10 

c 

M 

0 

OK 

9/14 

: “ 1 

M,  C 

nw. 

661 

F.  F 

2214  Va.  ave. 

11 

c 

F 

0 

OK 

9/14 

- j 

M,  C 

nw. 

662 

D.  W 

2208  Va.  ave. 

4 

c 

F 

0 

9,14 

- i 

M,  C 

Summer  complaint. 

nw. 

1 

663 

E.  W 

do 

10 

c 

F 

0 

OK 

9/14 

_ ; 

M,  C 

664 

S.  A 

332  22d  nw.. 

3 

c 

F 

0 

OK 

9/14 

— ; 

M,  C 

665 

R.  A 

do 

7 

c 

0 

OK 

9/14 

_ ■ 

M,  C 

666 

J.  A 

do * 

1 

c 

M 

0 

OK 

9/14 

M,  C 

667  1 

A.  S 

312  21st  nw... 

?35 

c 

: E 

0 

OK 

9/14 

— 

M,  C 

668 

L.  R 

624  Pa.  ave.  | 

?25 

w 

. F 

0 

OK 

9/14 

_ ; 

M,  C 

Succession  of  typhoid 

se. 

in  family;  3 cases  in 

j 

j 

7 years. 

669  1 

1 J.  R 

do 

?25 

w 

^ F 

* 

OK 

i 9/14 

j _ 

M,  C 

Succession  of  cases  in 

family;  3 cases  in  7 

I 

years;  typhoid  in 

j 

1901. 

670 

M.  S 

31221st  nw... 

! 6 

c 

M 

‘ 0 

OK 

9,14 

1 _ 

1 

M,  C 

671 

A.  S 

do 

: 11 

c 

0 

OK 

9/14 

1 

j - 

M,  C 

672 

A.  S 

do 

i 

0 

c 

' M 

0 

OK 

9,14 

M,  C 

673 

R.  A 

2150  D nw... 

2 : 

c 

: ^ 

0 

OK 

9/14 

M,  C 

674 

C.  A 

2115  Dnw 

: lii 

M 

0 

OK 

' 9/14 

M,  C 

675 

C 

' 701 24th nw.. 

; ?40  ! 

F 

^ 0 

OK 

9;14 

M,  C 

Case  and  + findings  in 

family. 

676: 

F.  W 

334  22dnw... 

' ?40  i 

c 

F 

0 

9/14 

- - 

M,  C 

Stomach  trouble. 

677 

J.  H.  P 

2107  Cnw 

2 : 

c 

M 

' 0 

OK 

9 14 

1 - 

M,  C 

678 

M.  L 

32622dnw... 

' 9 ^ 

c 

F 

0 

OK 

9/14 

- ! 

M,  C 

Measles  in  April. 

679 

' E.  H 

2150  D nw... 

11  , 

c 

F 

0 

OK 

9/14 

- ; 

M,  C 

680 

J.  H 

2114  N.  Y. 

! * 

c 

F 

0 

OK 

■ 9 15 

_ 1 

M,  C ! 

ave.  nw. 

681 

G.  H 

do 

10 

c 

‘ M 

0 

OK 

9. 15 

M,  C 

682 

R.  H 

do 

2 . 

c 

: F 

0 

OK 

9;  15 

M,  C i 

683 

P.  H 

do 

14 

c 

F 

0 

OK 

9,15 

_ 1 

M,  C 

684 

I.  H 

do 

12 

c 

■ F 

; 0 

OK 

9/15 

M,  C 

685 

J.  H 

do 

4 

c 

M 

0 

OK 

; 9,15 

_ 

M,  C 

686 

A.  S 

i 2124  N.  y. 

4 

c 

F 

0 

OK 

j 9/15 

- 1 

M,  C 

i ave.  nw. 

687 

C.  E 

301  Mass, 

OK 

9/15 

M,  C 

, See  Nos.  497  and  1021. 

1 ave.  ne. 

d 

1=1 

o 

g 

I 

ft 

CO 

688 

689 

690 

691 

692 

693 

694 

695 

696 

697 

698 

699 

700 

701 

702 

703 

704 

705 

706 

707 

708 

709 

710 

711 

712 

713 

714 

715 

716 

717 

718 

719 

720 

721 

722 

723 

724 
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Name  of  per- 
son. 


and  urine  examinedfor  typhoid  bacilli  July  16  to  November  8,  1908 — 
Continued. 


Street  address. 

Age. 

Color. 

X 

<D 

ai 

1 Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

1 Result. 

Examiner. 

2114  N.  Y. 

Years. 

9 

C 

M 

0 

OK 

9/15 

M,  C 

ave.  nw. 

2139  D nw 

7 

C 

F 

0 

OK 

9/15 

- 

M,  C 

2150  D nw... 

10 

c 

M 

0 

OK 

9/15 

- 

M,  C 

2102  N.  Y. 

7 

C 1 M 

0 

OK 

9/15 

- 

M,  C 

ave.  nw. 

301  22d  nw... 

10 

c 

F 

0 

OK 

9/15 

- 

M,  C 

6 

c 

F 

0 

OK 

9/15 

- 

M,  C 

2224  Va.  ave. 

12 

c 

M 

0 

OK 

9/15 

- 

M,  C 

nw. 

2206  Va.  ave. 

12 

c 

F 

0 

OK 

9/15 

- 

M,  C 

nw. 

504  22d  nw . . . 

3i 

c 

F 

0 

OK 

9/15 

- 

M,  C 

2118  Va.  ave. 

11 

c 

M 

0 

OK 

9/16 

- 

M,  C 

nw. 

328  22d  nw... 

3 

c 

M 

0 

OK 

9/16 

- 

M,  C 

do 

11 

c 

F 

0 

OK 

9/16 

- 

M,  C 

do 

5 

c 

F 

0 

OK 

9/16 

- 

M,  C 

413  22d  nw... 

?35 

c 

F 

6 

OK 

9/16 

- 

M,  C 

do 

10 

c 

F 

0 

OK 

9/16 

- 

M,  C 

do 

12 

c 

F 

0 

OK 

9/16 

- 

M,  C 

do 

4 

c 

F 

0 

OK 

9/16 

- 

M,  C 

do 

8 

c 

M 

0 

OK 

9/16 

- 

M,  C 

2427  I nw.... 

11 

w 

F 

0 

OK 

9/16 

- 

M,  C 

do 

7 

w 

F 

0 

OK 

9/16 

- 

M,  C 

do 

15 

w 

F 

0 

OK 

9/16 

- 

M,  C 

2429  I nw 

8 

w 

M 

0 

OK 

9/16 

- 

M,  C 

do 

11 

w 

M 

0 

OK 

9/16 

- 

M,  C 

do 

li 

w 

F 

0 

OK 

9/16 

- 

M,  C 

do 

5 

w 

M 

0 

OK 

9/16 

- 

M,  C 

301  22d  nw... 

12 

c 

F 

0 

OK 

9/16 

- 

M,  C 

do 

3 

c 

F 

0 

OK 

9/16 

- 

M,  C 

2100  N.  Y. 

? 

c 

M 

0 

OK 

9/16 

- 

M,  C 

ave.  nw. 

do 

? 

c 

F 

0 

OK 

9/16 

- 

M,  C 

2425  I nw 

(?  16) 

(W) 

(F) 

(0) 

(OK) 

9/16 

- 

M,  C 

2120  N.  Y. 

?35 

c 

F 

0 

OK 

9/16 

— 

M,  C 

ave.  nw. 

914  N.  H. 

8 

c 

F 

0 

OK 

9/16 

- 

M,  C 

ave.  nw. 

332  22d  nw... 

4 

c 

F 

0 

OK 

9/16 

- 

M,  C 

343  22d  nw... 

? 

c 

F 

0 

9/16 

- 

M,  C 

912  N.  H. 

13 

w 

F 

0 

O.K 

9/16 

- 

M,  C 

ave.  nw. 

2114  N.  Y. 

4 

c 

F 

0 

OK 

9/16 

- 

M,  C 

ave.  nw. 

707  22d  nw, 

?35 

w 

F 

0 

OK 

9/16 

- 

M,  C 

Al. 

Remarks. 


Measles  in  July. 

Do. 

Do. 


No  A.  W.;  A.  R.  lives 
at  2425  I. 

Malaria  in  April. 


Stomach  trouble. 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


'3 

m 

Name  of  per- 
son. 

Street  address. 

o’ 

tJC 

<; 

1 Color. 

6 

ZCt 

'3 

•J-. 

_o 

o 

Presont  health. 

Date  of  examina- 
tion. 

1 Result. 

Examiner. 

Remarks. 

Years. 

i 

1 

725 

R.  E.  A 

707  22d  nw, 

?35 

W 

M 

0 

OK 

9/16 

- 

i M,  C 

Al. 

726 

P.  A 

2210  Va.  ave. 

13 

C 

F 

2 

OK 

9/16 

- 

M,  C 

nw. 

727 

F.  V.  R 

2132  F nw, 

9 

W 

M 

0 

OK 

9/17 

- 

M,  C 

1 

AIE. 

728 

M.  V.  R 

do 

7 

TV 

F 

0 

OK 

9/17 

- 

M,  C 

729 

LG 

2102  N.  Y. 

12 

C 

F 

0 

OK 

9/17 

- 

M,  C 

ave.  nw. 

730 

A.  B 

927  25th  nw.. 

7 

TT^ 

F 

0 

OK 

9/17 

- 

M,  C 

731 

E.  B 

do 

5 

TV 

M 

0 

OK 

9/17  ■ 

_ 

M,  C 

732 

S.  F 

912  N.  H. 

11 

TV 

F 

0 

OK 

9/17 

- 

M,  C 

ave.  nw. 

733 

E.  R 

2114  Va.  ave. 

10 

C 

F 

0 

OK 

9/17 

M,  C 

nw. 

i 

734 

L.  B 

2116  Va.  ave. 

6 

C 

F 

0 

OK 

9/17 

- 

M,  C 

' nw. 

735 

J.  L.  C 

' 904  N.  H. 

2 

TV 

0 

OK 

9/17 

- 

M,  C 

1 

I ave.  nw. 

736 

W.  B 

2433  Inw.... 

? 14 

TT" 

M ! 

1 

OK 

9/17  1 

M,  C 

737 

T.  C 

701  24th  nw.. 

OK 

9/17 

M,  C 

See  No.  412. 

738 

L.  B.  (L.  ?). 

322J22d  nw.. 

3 

C 

M 

0 

OK 

9/17 

— 

M,  C 

739 

F.  R 

2425  I nw 

3 

TT' 

M I 

0 

OK 

9/17 

- 

M,  C 

740 

B.  F 

2141  D nw... 

12 

C 

M ' 

0 

OK 

9/17 

- 

M,  C ' 

741 

E.  W 

2423  Inw.... 

10 

TV 

M 

* 

OK 

9/17 

- 

M,  C 

Typhoid,  May,  1908. 

742 

1 F.  TV 

do 

12 

TV 

1 M 

0 

OK 

9/17 

_ 

M,  C 

743 

S.D i 

913  25th  nw.. 

12 

C 

M 

0 

OK 

9/17 

— 

M,  C 

744 

C.  B 1 

do 

6 

C 

F 

0 

OK 

9/17  ! 

M,  C 

745 

S.  K 

2108  N.  Y. 

10 

C 

M 

0 

OK 

9/17  ' 

— 

M,  C 

ave.  nw. 

746 

A.  K 

do 

11 

C 

M 1 

0 

OK 

9/17 

M,  C 

747 

F.  K 

do 

13 

C 

S M 

0 

OK 

9/17  I 

M,  C 

748 

C.  J 

do 

11 

c 

F 

0 

OK 

9/17 

I 1 

M,  C 

749 

T.  J 

do 

4 

c 

M 

I 

0 

OK 

9/17 

M,  C 

750 

K.  J 

do 

8 

c 

F 

0 

OK 

9/17 

M,  C 

751 

M.  W 

2423  I nw 

5 

0 

OK 

9/17 

_ 1 

M,  C 

752 

V.  M 

‘ 908  N.  H. 

5 

c 

0 

OK 

9/17 

- 

M,  C 

ave.  nw. 

753 

H.  M 

do 

3 

c 

F 

0 

OK 

9/17 

M,  C 

754 

G.  N 

2437  Inw.... 

9 

TV 

M 

0 

OK 

9/17 

— 

M,  C 

755 

A.  N 

do 

3 

TV 

M 

0 

OK 

9/17 

_ 

M,  C 

756 

E.  N 

do 

7 

TV 

M 

0 

OK 

9/17 

M,  C 

757 

E.  N 

do 

11 

TV 

M 

0 

OK 

9/17 

M,  C 

758 

R.  S 

2124  N.  Y. 

9 

C 

M 

0 

OK 

9/17 

~ 1 

M,  C 

ave.  nw. 

1 

759 

J.  A 

707  22d  nw, 

5 

TV 

F 

0 

OK 

9/17 

- i 

M,  C 

Al. 

1 

760 

R.  A,,  jr.... 

do 

7 

Tt^ 

IM 

0 

OK 

9/17 

- 

M,  C 
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Specimens  of  feces  and  urine  examined  for  typhoid  hacilli  July  16  to  Jtovember  8,  1908 — 

Continued. 


z 

X 

Name  of  per- 
son. 

Street  address. 

5; 

ac 

2 

p 

X — 

Remarks. 

761 

H.  Z 

2205  Va.  ave. 

Years. 

4 

W 

M 

0 

OK 

9,17 

it  . C 

762 

J.  Z 

nw. 

do 

13 

W 

M 

0 

OK 

9/17 

it.  C 

763 

J.  M.  M 

2140  F nw . . . 

16  m. 

c 

M 

0 

OK 

9/17 

- 

if.  c 

764 

M.  E.  M 

do 

4 

c 

F , 

0 1 

OK 

9/17 

- 

if,  c 

765 

V.  E.  M 

do 

7i 

c 

F 

0 

OK 

9/17 

- 

it.  c 

766, 

P.  B 

509  23d  nw... 

8 

c 

F , 

0 

OK 

9/17 

- 

it,  c 

767 

K.  H 

2214  Fnw... 

2 

c 

it 

0 

OK 

917 

- 

if.  c 

Recent  summer  com- 

768 

L.  P 

2216  F nw... 

?60 

c 

F 

0 

OK 

9/17 

it.  c 

plaint. 

Recent  obscure  abdom- 

769 

D.  C 

517  23d  nw... 

5 

w 

F 

0 

OK 

917 

if.  c 

inal  trouble. 

770 

F.  D 

921  25th.  nw.. 

12 

w 

It 

0 : 

OK 

9/18 

- 

it  . c 

771 

W.  W 

2423  I nw. . . . 

8 

M 

0 1 

OK 

918 

- 

if  , c 

772 

C.  M 

2436  K nw. . . 

15 

w 

It 

0 ^ 

OK 

9/18 

- 

if  , c 

773 

M.  W 

936  24tli  nw. . 

7 

c 

F 

0 

OK 

918 

- 

if  . c 

774 

L.  W 

do 

4 

c 

F 

0 i 

OK 

9.18 

- 

it,  c ; 

775 

E.  N 

2437  I nw 

4 

tv 

F 

0 

OK 

9/18 

- , 

if.  c 

776 

Dr.K.  P.  C 

2132  F nw,  ' 

? 

w 

If 

4 

OK 

9.18 

- 

it.  c 

777 

R.  J 

A2W. 

30122dnw... 

1 

c 

M 

0 ^ 

OK 

9/18 

it.  c 

778 

J.  S 

405  22dnw... 

7 

c 

M 

0 

OK 

9 IS 

- 

it.  c 

779 

C.  H 

2106Va.  ave.  ■ 

7 

c 

M 

0 : 

OK 

918 

- ' 

if  , c 

780 

N.  M 

nw. 

2436  K nw. . . 

7 

tv 

F ' 

0 

OK 

918 

if  . c 

781 

E.  S 

405  22dnw... 

8 

c 

F 

0 : 

OK 

9,18 

- 

if,  c 

782 

E.  W 

; 2431 1 nw.... 

3 

w 

F 

0 ' 

OK 

9/18 

- 

if,  c ' 

783 

L.  McK 

940  24tlinw.. 

13 

c 

I 

0 

OK 

9/18 

- 

it,  C : 

784 

M.  L 

i 2428  Knw. .. 

10 

tv  1 

F ' 

0 ' 

OK 

9/18 

- 

if,  C ‘ 

785 

M.Lee 

‘ 21i0Va.  ave. 

6 

c : 

F 

0 

OK 

9/ IS 

- 

if,  c 

786 

C.  A 

nw. 

2115  D nw... 

2 

c 

M 

0 i 

OK 

918 

if,  c 

787 

E.A 

do....... 

4 

c 

M 

0 

OK 

9/lS 

- 

it.  c 

788 

J.  il 

517  22dnw... 

2 

c 

F 

0 i 

OK 

9 18 

' - 

if,  c 

789 

A.  B 

2148  F nw. . . 

86 

tv 

F 

0 

OK 

9,18 

- 

if,  c 

Recent  severe  summer 

790 

L.  H 

do 

6 

tv 

F 

2 

OK 

9/18 

if  , c 

diarrhea. 

791 

i E.  M.  il 

1 2140  F nw. . . 

6 

c 

F 

0 

i OK 

‘ 9/18 

- 

if,  c 

792 

N.  A 

707  22d  nw... 

8 m. 

' tv 

M 

0 

' OK 

9/19 

- 

if,C 

793 

W.  W 

2431  Inw 

12 

1 

M 

0 

; OK 

i 9 21 

- 

R,C 

794 

^ L.  W 

do 

14 

tv 

F 

0 

' OK 

9,21 

- 

R,C  ' 

795 

i E.  P.  H 

j 934  24tlinw.. 

6 

c 

M 

: 0 

OK 

921 

- 

R,  C 

796 

E.  R 

; 922  24tlinw.. 

5 

c 

' if 

2 

OK 

’ 9 21 

_ 1 

R,  G 

797 

J.  K. 

933  25tlinw.. 

9 

i 

if 

0 

OK 

9/21 

, a-  i 

' 1 

R,  C i 

Erine;  several  reexami- 

798 

M.  H - 

922  24th  nw.. 

2 

c 

i I- 

0 

: OK 

921 

R,  C 

nations  all  negative. 

799 

M.  K. 

^ 933 25th nw.. 

13 

i tv 

0 

' OK 

9 21 

- 1 

R,  C 

Do. 

800 

M.  O’N 

I 935  25th  nw. . 

2 

i tv 

i F 

! 0 

, OK 

921 

- 

R,  C 

801 

A.  if.  R 

i 940  24th  nw. . 

If 

' c 

F 

^ 0 

OK 

9,21 

1 - 

1 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

street  address. 

Age. 

Color. 

Sex. 

1 Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

9 

VI 

Examiner. 

Remarks. 

Years. 

802 

E.  G.  M 

1347  Girard 

? 

tv 

M 

2 

OK 

9/21 

- 

R,  C 

nw. 

803 

F.  F 

1327  Girard 

11 

tv 

M 

0 

OK 

9/21 

- 

R,  C 

nw. 

804 

W.  E.  S 

507  22d  nw. . . 

? 45 

tv 

M 

20 

OK 

9/21 

- 

R,  C 

Recent  summer  diar- 

rhea. 

805 

M.  L.  tv.... 

2135  Va.  ave. 

2 

c 

F ; 

0 

OK 

9/21 

- 

R,  C 

nw. 

806 

H.  W 

2112  Va.  ave. 

16 

c 

F ; 

0 

OK 

9/21 

- 

R,  C 

nw. ' 

807 

B.  B.  W.... 

2135  Va.  ave. 

4 

c 

F 

0 

OK 

9/21 

- 

R,  C 

nw. 

808 

C.  P 

2141  Va.  ave. 

16 

c 

M 

6 

OK 

9/21 

- 

R,  C 

nw. 

809 

D.  tv 

2112  Va.  ave. 

15  m. 

c 

F 

0 

OK 

9/21 

- 

R,  C 

nw. 

810 

G.  S 

2124  N.  Y. 

12 

c 

F 

0 

OK  1 

9/21 

- 

R,  C 

ave.  nw. 

811 

R.  B 

502  22d  nw... 

15 

c 

M 

0 

OK  1 

9/21 

- 

R,  C 

812 

R.  R 

922  24th  nw.. 

8 

? c 

M 

0 

OK 

9/21 

- 

R,  C 

813 

0.  K 

5151 23d  nw.. 

?25 

tv 

M 

0 

OK  : 

9/21 

- 

R,  C 

Recent  summer  com- 

plaint. 

814 

R.  tv 

519  22d  nw... 

4 

tv 

M 

0 

OK  i 

9/22 

- 

R,  C 

815 

W.  G 

do 

6 

tt' 

M 

0 

OK 

9/22 

- 

R,  C 

816 

B.  G 

do 

4 

tv 

M 

0 

OK 

9/22 

R,  C 

817 

I.  F 

503  22d  nw. . . 

6 

tv 

F 

0 

OK 

9/22 

— 

1 

R,  C 

Recent  summer  diar- 

; rhea. 

818 

R.  F 

do 

3 

tv 

F 

0 

OK 

9/22 

_ 

R,  C 

Do. 

819 

E.  V.  tv.... 

2135  Va.  ave. 

9 

c 

F 

0 

OK 

9/22 

- 

R,  C 

nw. 

820 

R.  V.  tv.... 

do 

12 

c 

F 

0 

OK 

9/22 

- 

R,  C 

821 

N.  L 

2127  Va.  ave. 

10 

C 

F 

0 

OK 

9/22 

- 

R,  C 

nw. 

822 

S.  L 

do 

li 

c 

M 

0 

OK 

9/22 

R,  C 

823 

P.  L 

do 

7 

c 

M 

0 

OK 

9/22 

R,  C 

824 

R.  B 

! 2109  Enw... 

3 

c 

M 

0 

OK 

9/22 

R,  C 

825 

C.  B 

do 

9 m. 

c 

M 

0 

OK 

9/22 

R,  C 

826 

F.  B 

i..  .do.  ..  . 

11 

c 

M 

0 

OK 

9/22 

R,  C 

827 

A.  B 

: do 

6 

c 

F 

0 

OK 

9/22 

R,  C 

828 

tv.  B 

1 do 

5 

c 

M 

0 

OK 

9/22 

R,  C 

Now  has  malaria. 

829 

L.  R 

2114  Va.  ave. 

8 

c 

F 

0 

OK 

9/22 

R,  C 

i 

nw. 

830 

: E.  L. ....... 

2206  Va.  ave. 

3 

c 

F 

0 

OK 

9/22 

- 

R,  C 

1 J.  tv 

nw. 

831 

936  24th  nw. . 

11 

c 

M 

0 

OK 

9/22 

- 

R,  C 

832 

' F.  tv 

do 

? 35 

c 

F 

2 

OK 

9/22 

R,  C 

833 

! R.  tv 

do 

13 

c 

M 

0 

OK 

9/22 

R,  C 

834 

G.  L.  R 

940  24th  nw. . 

3 

c 

F 

0 

OK 

9/22 

- 

R,  C 

835 

; s.  (?)  B 

947  25th  nw.. 

' 12 

c 

F 

0 

OK 

9/22 

- 

R,  C 
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Specimens  of feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

Age. 

1 Color. 

X 

CO 

1 Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

3 

CO 

o 

Examiner. 

Remarks. 

Years. 

836 

F.  B 

947  25th  nw . . 

10 

C 

F 

0 

OK 

9/22 

- 

R,  C 

837 

C.  O’N 

935  25th  nw. . 

4 

AV 

M 

0 

OK 

9/22 

- 

R,  C 

838 

A.  K 

933  25th  nw.. 

8 m. 

AA^ 

M 

0 

OK 

9/22 

- 

R,  C 

Several  reexamina- 

tions all  negative. 

839 

F.  F 

923  25th  nw. . 

13 

AV 

M 

0 

OK 

9/22 

- 

R,  C 

840 

W.  F 

do 

7 

AA^ 

M 

0 

OK 

9/22 

_ 

R,  C 

841 

A.  D 

1330  Harvard 

? 

? C 

F 

4 

OK 

9/22 

- 

R,  C 

nw. 

842 

C.  AV 

1368  Harvard 

15 

AV 

M 

0 

OK 

9/22 

- 

R,  C 

nw. 

843 

J.  S.,jr 

2812  13th  nw. 

5 

AV 

M 

0 

OK 

9/22 

- 

R,  C 

844 

F.  W 

1374Harvard 

11 

AV 

M 

6 

OK 

9/22 

- 

R,  C 

nw. 

i 

845 

E.  K 

1328  Harvard 

11 

AV 

M 

0 

OK 

9/22 

- 

R,  C 

nw. 

846 

A.  K 

1351  Girard 

7 

AV 

F 

1 ® 

OK 

9/22 

- 

R,  C 

nw. 

847 

M.  W 

1374  Harvard 

5 

AV 

F 

0 

OK 

9/22 

- 

R,  C 

nw. 

848 

G.  M.  G 

519  22d  nw. . . 

2 

AV 

M 

! 0 

OK 

9/23 

- 

H,  C 

849 

V.  K 

1351  Girard 

12 

AV 

M 

3 

OK 

9/23 

- 

H,  C 

nw. 

1 

850 

M.  K 

1328  Harvard 

7 

AV 

M 

0 

OK 

9/23 

- 

H,  C 

nw. 

851 

D.  W 

1374  Harvard 

13 

AV 

F 

0 

OK 

9/23 

- 

H,  C 

nw. 

852 

A.  G 

2823  14th  nw. 

5 

AV 

F 

0 

OK 

9/23 

- 

H,  C 

853 

M.  E.  E 

2817  14th  nw. 

13 

AV 

F 

0 

OK 

9/23 

- 

H,  C 

854 

T.  E 

do 

6 

AV 

M 

0 

OK 

9/23 

_ 

H,  C 

855 

B.  E 

do 

12 

AA^ 

M 

0 

OK 

9/23 

H,  C 

856 

F.  E 

2815 14th  nw. 

3 

AA^ 

F 

0 

OK 

9/23 

- 

H,  C 

857 

M.  H 

1336  Harvard 

14 

AV 

M 

2 

OK 

9/23 

- 

H,  C 

nw. 

858 

Rhett.  P 

928  24th  nw.. 

12 

C 

M 

0 

OK 

9/23 

- 

H,  C 

859 

R.  P 

do 

15 

C 

M 

0 

OK 

9/23 

H,  C 

860 

1 

1 E.  W 

936  24th  nw.. 

9 

C 

F 

0 

OK 

9/23 

— 

H,  C 

861 

M.  E 

2507  I nw.... 

9 

AV 

F 

0 

OK 

9/23 

- 

H,  C 

862 

K.  E 

do 

2 

AA" 

F 

0 

OK 

9/23 

_ 

H,  C 

863 

A.  F 

925  26th  nw. . 

! 11 

AV 

M 

1 

OK 

9/23 

- 

H,  C 

864 

AV.  E 

2511 1 nw 

2 

AV 

M 

0 

9/23 

H,  C 

AVhooping  cough. 

865 

0.  D 

2115  E nw — 

14 

C 

F 

0 

OK 

9/23 

_ 

H,  C 

866 

A\\  H 

2123  Enw.... 

?10 

C 

M 

0 

OK 

9/23 

- 

H,  C 

867 

A.  L 

2127  Va.  ave. 

3 

C 

F 

0 

OK 

9/23 

- 

H,  C 

nw. 

868 

J.  R.  F...... 

503  22d  nw... 

9 

AA' 

M 

0 

OK 

9/23 

- 

H,  C 

Recent  summer  com- 

plaint. 

869 

J.  G 

519  22dnw... 

?35 

AV 

M 

8 

OK 

9/23 

- 

H,  C 

870 

F.  C 

41322dnw... 

2 

C 

M 

0 

OK 

9/23 

- 

H,  C 

871 

M.  K 

515J  23d  nw.. 

?20 

AA^ 

F 

0 

OK 

9/23 

- 

H,  C 

Do. 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


Specimen  No. 

Name  of  per- 
son. 

Street  address. 

C> 

. 

o 

o 

o 

1 Previous  typhoid. 

I’resent  healUi. 

Date  of  examina- 
tion. 

Result. 

Examiner. 

Remarks. 

Years. 

! 

872 

G.  C 

1353  Girard 

5 

M 

0 

OK 

9/24 

- 

H,  C 

nw. 

873 

W.  K 

1328  Harvard 

5 

M 

OK 

9/24 

. - 

H,  C 

nw. 

874 

E.  L 

2817 14th  nw. 

? 

C 

F 

1 

OK 

9/24 

H,  C 

875 

L.  E 

2815 14th  nw. 

17  m. 

W 

F 

0 

OK 

9/24 

1 _ 

1 

H,  C 

876 

C.  S 

943  25th  nw.. 

9 

c 

F 

0 

OK 

9/24 

1 - 

H,  C 

877 

A.  S 

do 

6 

c 

F 

0 

OK 

9/24 

- 

; H,  C 

878 

M.  D 

921 25th  nw.. 

8 

w 

F 

0 

OK 

9/24 

H,  C 

879 

E.  F 

923  25th  nw. . 

12 

w 

M 

0 

OK 

9/24 

H,  C 

880 

M.  E 

2511  I nw 

5 

w 

M 

0 

9/24 

H,  C 

tVhooping  cough. 

881 

X.  S 

2515  I nw 

13 

c 

F 

0 

; OK 

9/24 

- 

H,  C 

882 

G.  W 

935  26th  nw. . 

4 

c 

M 

0 

j OK 

9/24 

H,  C 

883 

M.  W 

do 

10 

c 

F 

0 

OK 

9/24 

_ 

' H,  C 

884 

W.  W 

do 

6 

c 

M 

0 

j OK 

9/24 

H,  C 

1 

885 

A.  W 

do 

IJ 

c 

M 

0 

OK 

9/24 

H,  C 

886 

Earl  K 

834  N.H.ave. 

7 

w 

M 

*1 

OK 

9/24  1 

- 

H,  C 

Doubtful  case  of  ty- 

nw. 

phoid,  summer,  1907. 

887 

E.  K 

do 

4 

w 

F 

' 0 

1 OK 

9/24  j 

_ 

H,  C 

888 

M.  S 

818  N.H.ave. 

16  m.  i 

w 

F 

0 

i OK 

1 

9/24  1 

- 

H,  C 

nw. 

889 

T.  S 

do 

2 

F 

0 

OK 

9/24  ‘ 

- 

H,  C 

890  ' 

A.  L.  C ’ 

816  N.H.ave. 

10 ; 

w! 

F 

0 

OK 

9;24 

- 

H,  C 

nw. 

1 

i 

891  i 

W.  J.  c 1 

do 

14  1 

w 

M 

0 

OK 

9/24  j 

- 

H,  C 

, 

892 

T.  C ! 

do 

4 ' 

w 1 

F 

0 

OK 

9/24 

_ 

H,  C 

893 

C.  G ‘ 

814  N.H.ave. 

'^1 

w 

F 

0 i 

OK 

9/24 

- 

H,  C 

nw. 

1 

894  i 

M.  G 

do 

10  j 

W 1 

F 

0 ! 

OK 

9,24  i 

H,  C 

895  i 

J.  McG I 

810  N.H.ave. 

12  1 

w i 

M 

1 

0 

OK 

9/24  i 

- 

H,  C 

nw. 

1 

' i 

896 : 

A.  McG 

do 

7 j 

tv  : 

F 

0 1 

OK 

9/24  , 

- 

H,  C 

897  i 

E.  McG ^ 

do 

3 

w 

M 

' ® 

OK 

9/24  ! 

- 

H,  C 

898  1 

N.  S ! 

51221st  nw... 

13 

c 

M 

0 1 

OK 

9/24  1 

- 

H,  C 

899  ! 

w.  s ^ 

do 

15  ' 

c i 

M 

0 ; 

OK 

9/24  j 

_ 

H,  C 

900 

L.  H ! 

2113  E nw 

2 1 

C i 

F 

0 

OK 

9/24 

- 

H,  C 

901 

L-L 

2127  Va.  ave. 

13 

c 1 

F 

0 

OK 

9,24  1 

- 

H,  C 

1 

nw. 

1 

902 

A.  R 

507  22d  nw. . . 

?21 

w 

M 

0 1 

OK 

9/24  j 

- 

H,  C 

Recent  summer  com- 

1 

J 

1 

i 

plaint. 

903 

E.  S 1 

2818  Nnw... 

7 

tv 

F 

0 

OK 

9/25  i 

- 

H,  C 

904 

L-P 

1230  28th  nw. 

15 

tv 

F 

0 

OK 

9/25  ' 

- 

H,  C 

905 

J.  P ' 

do 

12  ' 

tv  1 

M 

0 ! 

OK 

9/25  ! 

H,  C 

906 

K.  O’B 

2436  K nw. . . 

2 

w 

F 

0 

OK 

9/25 

— 

H,  C 

907 

C.  W 

935  26th  nw.. 

2 

c 

F 

0 

OK 

9/25 

- 

H.  C 

908 

J.  K 

933  25th  nw.. 

9 

tv 

M 

0 

OK 

9/25 

- 

H,  C 

Several  examinations. 

See  No.  797. 

909 

do : 

do 

9/25 

H.  C 

Urine. 

910 

W.  D 1 

2426  I nw.... 

11 

w 

M 

0 

OK 

9/25 

- 

H,  C 

o' 

s 

g 

'S 

o 

a 

xn 

911 

912 

913 

914 

915 

916 

917 

918 

919 

920 

921 

922 

923 

924 

925 

926 

927 

928 

929 

930 

931 

932 

933 

934 

935 

936 

937 

938 

939 

940 

941 

942 

943 

944 

945 

946 

947 

948 

949 

950 

951 

952 

953 

954 
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and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908- - 
Continued. 


Name  of  per- 
son. 


Street  address. 


M.  H. 
E.  J.. 


2424  I nw. . . 
2422  I nw... 
2416  I nw... 
2412  I nw. . . 
930  24th  nw 
828N.H.ave. 
nw. 

816  N.H,ave. 
nw. 

814  N.H.ave. 
nw. 

2433  H nw . . 
803  25th  nw . , 
do 


829  25th  nw . . 

do 

506  21st  nw . . 
2818  Nnw. . . 
2820  N nw . . , 
do 


2504  I nw 

808  25th  nw.. 
do 


812  25th  nw . 

do 

829  25th  nw . 
815  25th  nw . 
803  25th  nw . 
807  26th  nw. 

do 

823|26thnw 

do 

825  26th  nw . 

do 


837  26th  nw.. 
2416  I nw. . . . 
2111  E nw. .. 
532  21st  nw . . 

do 

do 

do 

2123  E nw . . . 
2416  I nw 


Years. 
19  m. 

13 
9 

14 
12 

2 


8 

12 

3 

7 

14 

13 

14 
12 

?18 

?30 

5 

2 

3 

20  m. 
11 


11 

4 

3 
11 
10 

4 
6 

?55 

7 


I Color. 

1 Sex. 

1 Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

1 Result. 

o 

C 

■| 

s 

X 

C 

M 

0 

OK 

9/25 

H,  C 

C 

M 

0 

OK 

9/25 

- 

H,  C 

W 

F 

0 

OK 

9/25 

- 

H,  C 

W 

M 

0 

OK 

9/25 

- 

H,  C 

C 

F 

0 

OK 

9/25 

- 

H,  C 

tv 

F 

0 

OK 

9/25 

- 

H,  C 

W 

M 

0 

OK 

9/25 

- 

H,  C 

W 

M 

0 

OK 

9/25 

- 

H,  C 

c 

F 

0 

OK 

9/25 

H,  C 

c 

F 

0 

OK 

9/25 

- 

H,  C 

w 

M 

0 

OK 

9/25 

- 

H,  C 

w 

M 

0 

OK 

9/25 

- 

H,  C 

w 

F 

0 

OK 

9/25 

- 

H,  C 

c 

F 

! 0 

OK 

9/25 

- 

H,  C 

tv 

F 

0 

OK 

9/26 

- 

H,  C 

tv 

F 

7 

OK 

9/26 

- 

H,  C 

tv 

F _ 

7 

OK 

9/26 

- 

H,  C 

tv 

m‘ 

0 

OK 

9/26 

- 

H,  C 

c 

M 

0 

OK 

9/26 

- 

H,  C 

1 c 

M 

0 

OK 

9/26 

- 

H,  C 

1 c 

F 

0 

OK 

9/26 

- 

H,  C 

c 

F 

0 

OK 

9/26 

- 

H,  C 

M 

0 

OK 

9/26 

- 

H,  C 

' C 

F 

0 

OK 

9/26 

- 

H,  C 

c 

F 

0 

9/26 

- 

i H,  C 

tv 

F 

0 

OK 

9/26 

- 

i H,  C 

1 tv 

M 

0 

OK 

9/26 

- 

H,  C 

i c 

F 

0 

OK 

9/26 

H,  C 

c 

M 

0 

OK 

9/26 

1 H,C 

c 

M 

1 0 

OK 

9/26 

- 

H,  C 

c 

F 

OK 

9/26 

H,  C 

c 

F 

OK 

9/26 

_ 

H,  C 

c 

M 

0 

OK 

9/26 

- 

H,  C 1 

c 

M 

0 

OK 

9/26 

— 

H,  C 

9/18 

_ 

1 

tv 

M 

0 

OK 

9/26 

- ! 

I 

H,  C 

tv 

M 

0 

OK 

9/26 

- 1 

H,  C 

c 

M 

0 

OK 

9/26 

- 

H,  C 

tv 

F 

0 

OK 

9/26 

- 

H,  C 

tv 

F 

0 

OK 

9/26 

- 

H,  C 

tv 

F 

0 

OK 

9/26 

- 

H,  C 

tv 

F 

0 

OK 

9/26 

- 

H,  C 

c 

M 

0 

OK 

9/28 

- 

H,  C 

w 

M 

0 

OK  1 

9/28 

- 

H,  C 

Remarks. 


Stomach  trouble. 


T}T)hoid  June,  1908. 
Do. 

Scarlet  fever  6 weeks 
ago. 

Improving.  (See  Nos. 
280  and  372.) 


d 

iz; 

fl 

s 

’i 

a 

m 

955 

956 

957 

958 

959 

960 

961 

962 

963 

964 

965 

966 

967 

968 

969 

970 

971 

972 

973 

974 

975 

976 

977 

978 

979 

980 

981 

982 

983 

984 

985 

986 

987 

988 

989 

990 

991 

992 

993 

994 

995 

996 

997 

998 

999 

1000 

1001 
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and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908— 
Continued, 


Street  address. 

d 

U) 

Color. 

x’ 

ID 

U1 

j Previous  typhoid. 

Present  health. 

Date  of  examina- 
tion. 

Result. 

Examiner. 

532  21st  nw . . 

Years. 

12 

W 

F 

0 

OK 

9/28 

H,  C 

804  24th  nw . . 

7 

W 

M 

0 

OK 

9/28 

- 

H,  C 

do 

5 

w 

M 

0 

OK 

9/28 

- 

H,  C 

829  25th  nw.. 

6 

w 

F 

0 

OK 

9/28 

- 

H,  C 

813  25th  nw . . 

?10 

c 

M 

0 

OK 

9/28 

- 

H,  C 

528  21st  nw . . 

12 

w 

F 

0 

OK 

9/28 

- 

H,  C 

813  25th  nw.. 

?10 

c 

M 

0 

OK 

9/28 

- 

H,  C 

829  26th  nw.. 

4 

w 

F 

0 

OK 

9/28 

- 

H,  C 

818 26th nw. . 

12 

w 

M 

0 

OK 

9/28 

- 

H,  C 

2820  N nw . . . 

14 

w 

M 

0 

OK 

9/28 

- 

H,  C 

810  N.H.ave. 

6 

w 

M 

0 

OK 

9/28 

- 

H,  C 

nw. 

2415Hnw. .. 

4 

w 

F 

0 

OK 

9/28 

- 

H,  C 

2519  H nw . . . 

11 

w 

F 

0 

OK 

9/28 

- 

H,  C 

2417  Hnw. . . 

10 

c 

F 

5 

OK 

9/28 

- 

H,  C 

2600  I nw 

15 

w 

F 

0 

OK 

9/28 

- 

H,  C 

818 26th nw. . 

8 

w 

M 

0 

OK 

9/28 

- 

H,  C 

2428  I nw.... 

11 

w 

F 

0 

OK 

9/28- 

- 

H,  C 

2820  N nw . . . 

?10 

w 

F 

0 

OK 

9/28 

- 

H,  C 

827  26th  nw.. 

14 

w 

F 

0 

OK 

9/28 

- 

H,  C 

2519 Hnw. .. 

14 

w 

M 

0 

OK 

9/28 

- 

H,  C 

831 26th nw. . 

14 

w 

F 

0 

OK 

9/28 

- 

H,  C 

2524  K nw. . . 

? 40 

w 

F 

0 

OK 

9/28 

- 

H,  C 

2600  I nw 

11 

w 

F 

0 

OK 

9/28 

- 

H,  C 

2602  I nw 

13 

w 

M 

0 

OK 

9/28 

- 

H,  C 

2415  H nw. . . 

2 

w 

M 

0 

OK 

9/28 

- 

H,  C 

do 

13 

w 

M 

0 

OK 

9/28 

- 

H,  C 

822  24th  nw.. 

5 

c 

M 

0 

OK 

9/28 

- 

H,  C 

813  25th  nw.. 

10 

c 

M 

? 

OK 

9/28 

- 

H,  C 

801  N.H.ave. 

5 

c 

F 

0 

OK 

9/29 

- 

C,  M 

nw. 

do 

10 

c 

M 

0 

OK 

9/29 

- 

C,  M 

do 

1 

c 

M 

0 

OK 

9/29 

- 

C,  M 

do 

4 

c 

F 

0 

OK 

9/29 

- 

C,  M 

do 

8 

c 

F 

0 

OK 

9/29 

- 

C,  M 

830  24th  nw.. 

20  m. 

c 

M 

0 

OK 

9/29 

- 

C,  M 

820‘24th  nw.. 

13 

c 

F 

0 

OK 

9/29 

- 

C,  M 

806  24th  nw.. 

w 

F 

0 

OK 

9/29 

- 

C,  M 

830  24th  nw.. 

3 

c 

M 

0 

OK 

9/29 

- 

C,  M 

832  24th  nw.. 

7 

c 

M 

0 

OK 

9/29 

- 

C,  M 

2510  I nw 

6 

c 

F 

0 

OK 

9/29 

- 

C,  M 

815  25th  nw.. 

5 

w 

M 

0 

OK 

9/29 

- 

C,  M 

2503  I nw 

?35 

w 

F 

3 

OK 

9/29 

- 

C,  M 

2502  I nw 

8 

w 

M 

0 

OK 

9/29 

- 

C,  M 

2424  I nw 

6 

c 

F 

0 

OK 

9/^9 

- 

C,  M 

524  21st  nw.  . 

14  m. 

w 

F 

0 

OK 

9/29 

- 

C.  M 

2519  H nw. . . 

5 

w 

M 

0 

OK 

9/29 

- 

C,  M 

'2820  Nnw... 

2 

w 

F 

0 

OK 

9/29 

- 

C,  M 

829  26th  nw.. 

13 

w 

F 

0 

OK 

9/29 

i _ 

C,  M 

Remarks. 
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Specimens  of  feces  and  urine  examined  for  typhoid  bacilli  July  16  to  November  8,  1908 — 

Continued. 


'2 

d 

;zi 

a 

OJ 

S 

Name  of  per- 
son. 

Street  address. 

'o 

ft 

>> 

tn 

S3 

O 

m o' 

.2 

tH* 

<» 

a 

Remarks. 

"3 

ft 

m 

3 

bJO 

c 

o 

o 

O 

x' 

CO 

’> 

2 

ft 

c/3 

O) 

<D 

C3 

Q 

3 

C/3 

<D 

X 

H 

Years. 

1002 

L.  B 

1236  28th  nw. 

9 

w 

F 

0 

OK 

9/29 

C,  M 

1003 

G.  M 

10/8 

C,  H 

Convalescent.  (See 
Nos.  31  and  239.) 

1004 

D.  K 

933  25th  nw.. 

? 12 

w 

F 

0 

OK 

10/8 

_ 

C,  H 
C,  H 

See  Table  III,  page  144. 
Do. 

1005 

R.  K 

do 

? 40 

w 

F 

0 

OK 

10/8 

10/8 

1006 

J.  K 

do 

9 

w 

M 

0 

OK 

C,  H 

Do. 

1007 

A.  K 

do 

8 m. 

w 

M 

0 

OK 

10/8 

C,  H 
C,  H 

Do. 

1008 

do. 

OK 

10/8 

1 

Urine.  (See  Table  III, 
page  144.) 

1009 

D.  K 

do 

OK 

10/8 

10/8 

10/8 

10/8 

10/8 

_ 

C,  H 

Do. 

1010 

R.  K 

do.  . 

OK 

C,  H 

Do. 

1011 

R.  K 

do 

OK 

C,  H 
C,  H 
C,  H 

Do. 

1012 

J.  K 

OK 

Do. 

1013 

C.  J 

2120  G nw, 

OK 

See  Nos.  8 and  27A. 

A103. 

1014 

L.  K 

933  25th  nw. . 

? 50 

w 

M 

0 

OK 

10/9 

10/9 



C 

See  Table  III,  page  144. 
Urine.  (See  Table  III, 
page  144.) 

1015 

M.  K 

do 

13 

w 

M 

0 

OK 

C 

1016 

I.  K 

do 

? 18 

w 

F 

0 

OK 

10/9 

10/9 

10/9 

10/9 

10/9 

10/24 



C 

Do, 

1017 

R.  K 

do 

OK 

c 

1018 

I.  K 

do 

OK 

C 

1019 

M.  K 

do 

OK 

C 

1020 

L.  K 

do 

OK 

c 

Do. 

1021 

C.  E 

301  Mass,  ave 

OK 

C 

See  Nos.  497  and  687. 

ne. 

1022 

|j.  K 

933  25th  nw. . 

OK 

10/24 

C 

j Urine— feces.  (See 

1023 

1 Table  III,  page  144.) 

1024 

|m.  K . 

' - - -do 

OK 

10/24 

c 

Do. 

1025 

1026 

|l.  K 

do 

OK 

10/24 

C 

Do. 

1027 

1 

1028 

|r.  K 

do .' . 

OK 

10/24 

C 

Do. 

1029 

1030 

Id.  k 

do 

OK 

10/24 

c 

Do. 

1031 

1 

i 

1032 

|a.  k. 

do 

OK 

10/24 

p 

Do. 

1033 

1034 

I.  K 

. do 

OK 

10/24 

c 

Urine.  (See  Table  III, 
page  144. 

1035 

H.  B 

718  St. Mary’s 
ct. 

?25 

c 

M 

10 

11/7 

L,  C 

Convalescing  from  ty- 
phoid. 

103() 

H.  B 

do 

?25 

c 

F 

10 

OK 

11/7 

L,  C 

All  others  in  family  had 
typhoid  recently. 

1037 

C.  B 

do 

5 

c 

M 

0 

11/7 

+ 

L,  C 

Convalescing  from  ty- 
phoid. 

1038 

T.  B 

do 

4 

c 

M 

0 

OK 

11/7 

11/7 

11/7 

L,  C 

) 

1039 

M.  B 

do 

3 

c 

F 

0 

OK 

L,  C 
L,  C 

[Have  had  typhoid  this 

1040 

R.  B 

do 

10  m. 

c 

M 

0 

OK 

j season. 

I. — List  of  controls. 


Num- 

ber. 

Date. 

Drops  of 
tjTphoid 
bouillon. 

Period  of  contact. 

Result. 

1 

8/12 

5 

Short 

1 

2 

8/12 

0 

1 

3 

8/13 

5 

Short 

- 

4 

8/13 

0 

- 

5 

8/15 

5 

Short 

+ 

6 

8/15 

5 

do 

- 

7 

8/15 

5 

do 

+ 

8 

8/19 

5 

do 

+ 

9 

8/20 

5 

do 

+ 1 

10 

8/20 

0 

i 

~ ! 

11 

8/22 

5 

Short 

+ 

12 

8/24 

5 

do 

- 

13 

8/25 

5 

do 

- 

14 

8/25 

2 

do 

- 

15 

8/26 

5 

do 

- 

16 

8/26 

2 

do 

-1- 

17 

8/27 

2 

do 

+ 

18 

8/27 

5 

do 

+ 

19 

8/28 

5 

do 

-f 

20 

8/28 

2 

do 

+ 

21 

8/29 

5 

do 

-1- 

22 

8/29 

2 

do 

1 + 

23 

8/31 

5 

do 

-f 

24 

8/31 

2 

do 

+ 

25 

9/1 

2 

do 

-1- 

26 

9/1 

5 

do 

+ 

27 

9/2 

2 

do 

+ 

28  i 

9/2 

5 

do 

+ 

29  ! 

9/3 

24  hours 

+ 

30 

9/3 

15  1 

do 

+ 

31  ‘ 

9/3 

Short 

+ 

32  j 

9/3 

5 

do 

■ 

33 

9/4 

5 

24  hours 

+ 

34  1 

9/4 

20 

do 

- 

35  1 

9/4 

• l| 

Short 

+ 

36  ! 

9/4 

5 

do 

- 

37 

9/5 

l| 

do 

-1- 

38 

9/5 

do 

+ 

39 

9/5 

15  1 

24  hours 

- 

40 

9/5 

3 ' 

do 

- 

41  ; 

9/8 

3 

72  hours 

- 

42  1 

9/8 

15  1 

do 

- 

43  1 

9/8 

1 

Short 

-f 

44, 

9/8 

5 

do 

4- 

45  1 

9/9 

3 

24  hours 

- 

46  I 

9/9 

15 

do 

- 

47  1 

9/9 

1 

Short 

- 

48  ; 

9/9 

5 

do 

- 

49 

9/10 

3 

24  hours 

- 

50 

9/10 

15 

• do 

- 

51 

9/10 

1 

Short 

+ 

52 

9/10 

5 

do 

-1- 

53 

9/11 

5 

do 

+ 

Date. 

Drops  of 
t3rphoid 
bouillon. 

Period  of  contact. 

Result. 

9/11 

15 

24  hours 

-1- 

9/11 

3 

do 

- 

9/11 

1 

Short 

+ 

9/14 

5 

do 

-1- 

9/14 

3 

24  hours 

+ 

9/14 

1 

Short 

-f 

9/14 

15 

24  hours 

+ 

9/15 

1 

Short 

+ 

9/15 

3 

24  hours 

+ 

9/15 

15 

do 

-f 

9/15 

5 

Short 

+ 

9/16 

3 

24  hours 

-f- 

9/16 

1 

Short 

-f 

9/16 

15 

24  hours 

-f 

9/16 

5 

Short 

i -1- 

9/17 

5 

do 

-f 

9/17 

15 

24  hours 

+ 

9/17 

3 

do 

-1- 

9/17 

1 

Short 

+ 

9/18 

3 

24  horns 

+ 

9/18 

15 

do 

+ 

9/18 

5 

Short 

-1- 

9/18 

1 

do 

+ 

9/21 

5 

do 

-1- 

9/21 

1 

do 

+ 

9/21 

15 

48  hours 

-1- 

9/21 

3 

do 

+ 

9/22 

3 

24  hours 

-1- 

9/22 

5 

Short 

-f 

9/22 

1 

do 

-4- 

9/22 

15 

24  hours 

-1- 

9/23 

5 

Short 

+ 

9/23 

1 

do 

-1- 

9/23 

15 

24  hours 

+ 

9/23 

3 

do 

+ 

9/24 

5 

Short 

+ 

9/24 

1 

do 

-f 

9/24 

3 

24  horns 

4- 

9/24 

15 

do 

4- 

9/25 

3 

do 

-h 

9/25 

5 

Short 

4- 

' 9/25 

1 

do 

4- 

j 9/25 

15 

24  hours 

4- 

! 9/26 

3 

do 

+ 

9/26 

1 

Short 

4- 

9/26 

5 

do 

4- 

9/26 

15 

24  hours 

4- 

9/28 

1 

Short 

4- 

9/28 

5 

do 

4- 

9/28 

3 

24  hours 

4- 

9/28 

15 

do 

-h 

9/29 

3 

do 

4- 

9/29 

15 

do j 

4- 

Num- 

ber. 

54 

55 

'56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 
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II. — Summary  of  controls. 


Result. 

Contact  of  culture  in  the  feces. 

Normal 

feces. 

Total. 

Short. 

24  hours. 

48  hours. 

72  hours. 

Total 

63 

36 

2 

2 

3 

106 

Positive 

52 

28 

2 

0 

0 

82 

Negative 

11 

8 

0 

2 

3 

24 

Percent  positive 

84 

78 

100 

0 

0 

a 80 

® Specimens  containing  no  typhoid  culture  and  those  having  culture  added  48  and  72  hours  before  ex- 
amination not  counted  in  calculating  this  percentage. 


III.— Persons  furnishing  two  or  more  specimens. 


C.  H.  J 8,  -f;  27A,  and  1013,  — . 

G.M 31,  239,  +;  1003,  -. 

W.  S 57  and  79,  — . 

A.  S 58  and  80,  — . 

T.  S 59  and  81,  — . 

A.C 274,  381,  and  611, -. 

W.C 275,  +;  303,  +;  463,  -. 

J.  C 276,  396,  and  616, -. 

T.C 412  and  737,  -. 

E.  J 280,  +;  372,  945,  -. 

R.B 304  and  1040,  -. 

T.  B 305  and  1038,  -. 

M.B 405,  +;  1039,  -. 

C.B 309,  1037,  +. 

B 306  and  1036,  -. 

C. E 479,  +;  687,  1021,  -. 

L.  K 1014  and  1020,  1026  and  1027,  -. 

L.  K 1005  and  1010,  1028  and  1029,  -. 

I.  K 1016  and  1018,  1034,  -. 

D.  K 1004  and  1009,  1030  and  1031,  -. 

R.K 1011  and  1017, -. 

M.  K 799,  1015,  1019,  1024,  and  1025,  -. 

A.  K 838,  1007, 1032,  and  1033,  -. 

J.  K 797,  +;  908,  1006,  1012,  1022,  and  1023,  - 


IV. — Bacteriologists. — Rosenau=Il;  Lumsden=L;  Miller=M;  Hart=H;  Cannon=C. 

These  initials  appear  in  the  table  under  the  column  “ examiner.” 

The  laboratory  work  referred  to  in  the  above  tables  was  controlled 
by  two  methods.  The  first,  followed  only  for  about  one  week,  was 
to  submit  to  the  examiners  at  the  same  time  that  the  collected 
specimens  were  dehvered  specimens  of  known  normal  feces.  To  some 
of  these  control  specimens  5 drops  of  a 24-hour  broth  culture  of  B. 
typhosus  were  added  an  hour  or  two  before  the  examination  was 
begun.  To  others  no  typhoid  culture  was  added.  The  examiners 
were  not  told  which  of  the  control  specimens  contained  typhoid 
culture  until  after  their  report  on  the  results  of  the  examinations 
was  made.  The  control  specimens,  however,  were  kept  separate  from 
the  collected  specimens. 

By  this  method  of  three  control  specimens  containing  no  typhoid 
culture  all  were  reported  negative.  Of  7 control  specimens  contain- 
ing typhoid  culture,  4 were  reported  positive  and  3 negative.  The 
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rather  large  percentage  of  negative  results  from  the  examination  of 
the  control  specimens  containing  typhoid  culture  which  were  obtained 
in  the  early  part  of  the  work  was  discovered  to  have  been  due  to  a 
large  extent  to  the  fact  that  a culture  of  B.  typhosus  was  used  which 
grew  poorly  and  agglutinated  feebly. 

The  second  method  of  controlhng  the  laboratory  examinations, 
followed  the  greater  part  of  the  time,  was  as  follows: 

The  bottles  containing  the  known  normal  feces  plus  typhoid 
culture  were  labeled  with  a fictitious  name  to  make  them  appear  as 
if  they  were  collected  specimens,  and  placed  on  the  laboratory  table 
along  with  the  collected  specimens.  The  amount  of  broth  culture 
added  to  the  20  to  30  grams  of  feces  was  from  1 to  20  drops,  and  the 
culture  was  added  to  the  feces  from  1 to  72  hours  before  dehvery  for 
examination.  The  mixture  of  feces  and  typhoid  culture  was  kept 
at  room  temperature  from  the  time  of  preparation  to  examination 
unless  the  culture  was  exposed  to  the  feces  for  48  or  72  hours,  in 
which  instances  the  mixture  was  kept  in  the  cool  room  at  a tempera- 
ture of  20°  C. 

This  second  method  had  the  advantage  of  being  a more  exact 
check  on  the  efficiency  of  the  work,  but  required  the  greatest  possible 
care  in  the  handling  and  labehng  of  the  series  of  plates  made  from 
each  specimen  to  prevent  a plate  made  from  a control  specimen 
from  being  confused  with  one  made  from  a collected  specimen. 

By  this  second  method  96  control  specimens  were  examined  and 
78,  or  about  81  per  cent,  were  reported  positive.  It  should  be  noted 
on  the  table  that  the  50  control  specimens  examined  on  and  subse- 
quent to  September  14  were  all  reported  positive.  From  that  date 
a fresh  culture  from  a known  vigorous  strain  of  typhoid  was  used 
invariably,  which  had  not  been  the  case  prior  to  that  date. 

Another  and  more  convincing  check  on  the  efficiency  of  the  exami- 
nations was  the  examinations  of  the  feces  of  ten  typhoid-fever  patients 
or  early  convalescents.  Positive  results  were  obtained  in  seven. 

Ten  specimens,  9 of  feces  and  1 of  urine,  out  of  the  1,040  examined 
gave  a positive  result  for  B.  typhosus.  Seven  of  the  specimens  of 
feces  giving  positive  results  were  obtained  from  persons  who  at  the 
time  of  the  examination  had  typhoid  fever  clinically.  The  remain- 
ing two  specimens  of  feces  and  the  one  of  urine  giving  positive  results 
were  obtained  from  three  persons  who  did  not  have  chnically  recog- 
nized typhoid  fever.  The  histories  of  these  three  persons  were  as 
follows : 

1.  C.  H.  J.  Male;  white;  aet.  50  years.  Occupation,  clerk  Post- 
Ofidce  Department  for  the  past  eight  years.  Born  in  New  Orleans, 
La.,  and  fived  there  until  about  30  years  of  age;  since  then  hved  in 
Washington  and  in  New  England  (continuously  in  Washington  for 
the  past  nine  years).  For  the  past  three  years  has  lived  in  an  apart- 
179— Bull.  52—09 10 
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ment  house  at  2120  G street  XW.  Occupants  of  apartment,  himself 
and  ^vife.  During  six  years  before  going  to  this  apartment,  lived 
at  different  boarding  houses  in  Washington.  He  has  never  had 
typhoid  fever.  His  wdfe  had  typhoid  fever  about  thirty-eight  years 
ago.  Mr.  J.  does  not  know  of  any  case  of  typhoid  fever  having 
developed  at  any  house  at  which  he  has  hved.  He  is  not  robust, 
but  of  ^viry  type,  and  has  enjoyed  good  health  all  liis  life. 

About  the  1st  of  June,  1908,  he  began  to  ^ffeel  out  of  sorts,’’  had 
some  loss  of  appetite  and  feehng  of  discomfort  in  region  of  hA^er,  but 
no  attacks  of  sharp  pain.  He  attributed  his  indisposition  to  a torpid 
liver  induced  by  sedentary  habits.  Was  shghtly  jaundiced.  Did 
not  get  weighed,  but  thinks  he  lost  about  15  pounds  in  Aveight  during 
the  two  Aveeks  in  which  he  felt  indisposed.  He  began  to  feel  AA'ell 
again  about  the  1st  of  August  and  since  then  has  been  in  his  usual 
health. 

Laboratory  examinations:  Feces  examined  July  19.  One  of  the 
Endo  plates  shoAA^ed  three  suspicious  colonies;  fished  and  planted  in 
broth;  24-hour  culture  in  broth  of  one  of  these  colonies  agglutinated 
AAuth  antityphoid  serum  in  dilution  of  1:400;  failed  to  ferment  in 
lactose  broth,  and  plated  back  on  Endo  in  pure  culture  gave  colonies 
characteristic  of  B.  typhosus.  The  other  tAvo  fished  colonies  proved 
not  to-be  tA^phoid. 

Examinations  of  feces  obtained  on  July  29  and  on  October  8 AA^ere 
negative  for  B.  typhosus. 

On  July  29  blood  Avas  examined.  Negative  for  Plasmodium 
malarix,  some  eosiniplnlia  obserA^ed.  Feces  examined  for  animal 
parasites,  but  result  negath^e. 

Blood  gaAm  negative  result  to  Widal  test  on  July  29. 

2.  C.  E.  Male;  Avhite;  age  14  years;  schoolboy.  Born  in  Wash- 
ington. Has  hved  at  present  home,  301  Massachusetts  aA^enue  NE. 
for  past  five  years.  Eleven  in  family — father,  mother,  and  nine 
cliildren.  No  one  in  family  had  typhoid  fever  except  boy’s  mother, 
AAdiose  attack  occurred  forty-tAvo  years  ago. 

No  one  in  the  family  has  been  ill  in  any  Avay  A\dthin  the  past  four 
years.  ‘C.  E.  had  a shght  cold  (nasal)  about  the  middle  of  August. 
The  cold  lasted  for  only  a feAV  days  and  did  not  interfere  AAuth  his 
activities. 

Laboratory  examinations:  Feces  on  September  3 gave  positive 
result  for  B.  typhosus. 

Examination  of  feces  obtained  September  15  and  on  October  24 
both  negative  for  B.  typhosus. 

On  September  3,  at  the  time  the  specimen  of  feces  giving  positive 
result  Avas  dehvered  for  examination,  4 control  specimens  AA'ere 
examined.  One  of  these,  containing  5 drops  of  24-hour  broth  culture 
of  typhoid  bacillus,  added  to  the  feces  just  before  examination,  was 
not  detected  by  the  examination. 
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3.  J.  K.  Male;  white;  age  9 years;  school  boy.  Born  in  Balti- 
more, Md.,  where  he  lived  until  about  6 years  old.  Since  then  has 
lived  in  Washington,  at  933  Twenty-fifth  street  NW.  Eight  in 
family — father,  mother,  and  six  children.  None  ever  had  typhoid 
fever.  No  sickness  in  family  vdtliin  past  six  months.  Rooms 
occupied  b}^  family  to  rear  and  on  floor  above  a small  grocery  store 
owned  and  run  by  boy’s  father  and  mother. 

Laborator}^  examinations;  Urine,  on  September  21,  gave  positive 
result  for  B.  typhosus.  Examinations  of  urine  obtained  September 
25,  October  8,  and  October  24,  all  were  negative  for  B.  typhosus. 
Examinations  of  feces  on  September  25,  October  8,  and  October  24 
were  negative  for  B.  typhosus. 

As  the  plates  made  from  the  specimens  of  urine  examined  on  Sep- 
tember 21  showed,  beside  the  typhoid  colonies,  a large  number  of 
colonies  like  those  of  B.  coli  and  other  bacteria  it  is  probable  that  the 
urine  was  caught  in  a soiled  vessel  before  being  placed  in  the  clean 
specimen  bottle. 

The  possibility  of  the  typhoid  bacilli  found  in  this  specimen  of 
urine  having  come  from  the  excreta  of  some  other  members  of  the 
family  was  considered;  but  repeated  examinations  (altogether  32)  of 
specimens  of  feces  and  urine  from  other  members  of  the  family  were 
negative  for  the  typhoid  bacillus. 

The  organisms  isolated  from  the  specimens  of  excreta  of  C.  E.  and 
of  J.  K.  were  carried  through  the  various  culture  media.  Their 
cultural  characteristics  and  their  serum  reactions  were  those  of  the 
typhoid  bacillus. 

In  work  of  this  kind  the  possibihty  of  experimental  error  must  be 
conceded,  particularly  when  30  or  more  specimens  of  feces  are 
examined  in  one  day.  However,  the  hkehhood  of  such  error  occur- 
ring by  the  misplacing  or  mislabeling  of  plates  should  have  been 
reduced  to  practically  nothing  by  the  exercise  of  the  utmost  care. 
Considering  each  of  the  three  positive  results  with  a view  to  possi- 
bihty of  error,  we  have  the  following; 

1.  Specimen  of  feces  of  C.  H.  J. ; On  the  day  that  this  specimen  was 
examined  only  two  other  specimens  were  examined,  so  there  was 
no  need  for  hurry  in  doing  the  work.  No  control  specimens  con- 
taming  typhoid  bacilli  were  presented  for  examination  that  day;  so 
the  possibility  of  a control  plate  having  been  mistaken  for  one  of 
the  C.  H.  J.  plates  can  be  eliminated.  The  only  apparent  reasons 
for  doubting  this  positive  finding  seems  to  be  that  the  organism  was 
not  tested  on  all  the  culture  media  which  may  be  used  to  identify 
the  typhoid  organism  and  only  one  serum  was  used  to  determine 
its  agglutinability.  However,  the  typical  appearance  of  the  colonies 
on  Endo’s  medium,  the  failure  of  the  organism  to  ferment  lactose 
broth  to  gas  formation,  its  typical  growth  in  this  medium,  and  its 
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agglutination  in  liigh  dilution  with  antityphoid  serum  make  it  appear 
probable  that  this  organism  was  the  typhoid  bacillus. 

Later  in  the  season  one  of  us  (Lumsden)  isolated  from  human 
feces  an  organism,  culturally  the  colon  bacillus,  which  would  aggluti- 
nate quite  readily  in  dilutions  of  1 to  300  with  this  same  (rabbit’s) 
antityphoid  serum.  A number  of  other  strains  of  B.  coli  were  then 
tried  with  this  serum,  but  all  failed  to  agglutinate  in  dilutions  as  low 
as  1 to  20.  There  seemed  to  be  some  specific  relation  between  the 
organism  and  this  jDarticular  rabbit’s  serum  dependent  upon  some 
agglutinin  other  than  typhoid  in  the  serum,  because  two  serums 
obtained  from  other  animals — one  rabbit  and  one  horse — both  failed 
to  agglutinate  the  organism. 

The  positive  findmg  in  the  case  of  C.  H.  J.  has  some  possible 
clinical  support  in  the  fact  that  during  the  five  or  six  weeks  previous 
he  had  been  indisposed — had  sy^mptoms  suggesting  the  possibility^  of 
a typhoid  cholecystitis. 

2.  Specimen  of  feces  from  C.  E.:  On  the  day^  this  specimen  was 
examined  41  other  collected  specimens  of  feces  and  4 control  speci- 
mens of  feces  containing  typhoid  culture  were  examined,  all  on  the 
same  table.  With  such  a large  number  of  plates  to  handle  there  was 
a possibility,  but  we  do  not  say^  a probability^,  of  error. 

One  of  the  4 control  specimens  containing  5 drops  of  typhoid  culture 
freshly  added  examined  that  day  was  reported  negative.  Identity 
of  organism  isolated  established  by  full  cultural  study^  and  by  agglu- 
tination in  high  dilution  with  two  antityphoid  serums  obtained  from 
different  animals. 

3.  Specimen  of  urine  from  J.  K. : The  day^  this  specimen  was 
examined,  19  collected  specimens  of  feces,  one  other  collected  speci- 
men of  urine,  and  4 control  specimens  of  feces  containing  typhoid 
culture  were  examined. 

The  Endo  plates  from  this  urine  presented  a large  number  and 
quite  a variety^  of  colonies,  giving  the  plates  more  the  appearance 
of  having  been  made  from  feces  than  from  urine.  This  probably  was 
due  to  the  urine  having  been  collected  in  a vessel  actually  soiled 
with  fecal  matter.  Therefore  the  typhoid  bacilli  isolated  from  this 
specimen  may  have  come  originally  from  the  feces  of  this  boy  or  from 
that  of  some  other  member  of  the  family^.  All  the  control  specimens 
examined  that  day  were  reported  positive. 

Identity  of  the  organism  isolated  was  established  by  complete 
cultural  study  and  by  its  high  agglutinability  with  two  different 
antityphoid  serums.  Examinations  of  three  specimens  of  urine  and 
of  three  specimens  of  feces  subsequently  obtained  from  this  boy  were 
all  negative  for  B.  typhosus.  Repeated  examinations  of  the  feces 
and  urine  of  other  members  of  the  family  were  negative  for  B. 
typhosus. 
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The  second  specimen  of  urine  from  J.  K.  was  obtained  four  days 
after  the  first.  No  treatment  had  been  given  the  boy  in  the  mean- 
while, and  yet  the  typhoid  organism,  neither  at  the  second  nor  at 
subsequent  examinations,  was  found. 

If  these  three  positive  results  are  accepted,  several  interesting  con- 
siderations present  themselves: 

(a)  These  three  persons  are  chronic  typhoid  bacillus  carriers. 
The  fact  that  the  bacillus  was  not  found  in  any  of  the  specimens 
after  the  first  for  each  case  may  have  been  due  to  all  three  of  these 
‘‘carriers’’  having  been  in  periods,  known,  to  occur  with  bacillus 
carriers,  w^hen  the  excreta  are  apparentl}^  free  from  the  organism. 

It  seems  to  us,  however,  that  it  is  improbable  that  all  three  of  the 
persons  were  chronic  carriers,  in  view  of  the  fact  that  all  specimens 
after  the  first  ones  gave  negative  results. 

(b)  That  these  three  persons  were  temporary  bacillus  carriers  and 
perhaps  harbored  the  bacilli  for  but  a few  days  or  weeks.  That 
they  did  not  have  the  disease  may  have  been  due  to  the  absence  of 
other  factors  concerned  in  the  etiology  of  typhoid  infection.  Still,  if 
they  are  viewed  as  temporary  carriers,  which  in  face  of  the  evidence 
seems  more  reasonable  than  the  view  that  they  are  chronic  carriers, 
we  must  admit  that,  if  there  are  in  the  District  of  Columbia  about 
900  persons  during  the  typhoid  season  who  without  having  typhoid 
fever  clinically  do  discharge  typhoid  bacilli,  if  only  for  a few  days, 
they  must  be  considered  as  important  factors  m the  spread  of  infection. 

(c)  The  finding  of  t}q)hoid  bacilli  in  the  feces  of  two  or  three 
healthy  persons  per  1,000  of  population  in  a community  may  have 
diminished  significance  in  the  epidemiology  of  t^q^hoid  fever.  If 
these  organisms  do  not  cause  disease  of  the  hosts  in  whose  intestinal 
canals  theq^  are  found,  it  is  evident  that  other  factors  are  necessary 
in  the  etiology  of  typhoid  fever. 

This  is  following  the  view  suggested  by  Pettenkofer,  that  the 
causation  of  tjqihoid  fever  may  be  represented  by  XYZ  In  this 
combination  the  typhoid  bacillus  is  X,  and  unless  Y and  Z are  also 
operative,  disease  does  not  result. 

In  this  connection  it  is  interesting  to  consider  the  possibility  of 
typhoid  bacilli  being  harbored  as  harmless  parasites  in  the  intestinal 
canal,  gall  bladder,  hepatic  ducts,  or  elsewhere  in  the  human  body 
for  months  or  even  years  and  then,  by  having  added  the  other  (YZ) 
elements  of  the  etiologic  complex,  produce  the  disease. 

The  possibility  in  some  cases  of  a long  period  of  time  elapsing 
between  the  time  of  taking  the  bacilli  into  the  body  and  the  onset 
of  the  disease  must  be  considered,  even  if  the  typhoid  bacillus  is 
looked  upon  as  the  sole  cause  of  the  disease,  specific  susceptibility 
to  this  organism  being  the  only  other  factor  concerned.  Accepting 
this  hypothesis,  it  is  conceivable  that  typhoid  bacilli,  like  tubercle 
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bacilli,  may  be  stored  in  the  body  but  their  growth  inhibited  in  some 
way  until  the  specific  resistance  of  the  persons  becomes  lowered, 
and  allows  the  organisms  to  multiply  and  produce  the  disease. 

That  prolonged  periods  of  storing  (incubation)  of  the  organisms 
are  the  rule  is  not  borne  out  by  the  numerous  observations  that  pro- 
nounced outbreaks  of  typhoid  fever  in  a given  community  cease  quite 
abruptly  within  about  a month  after  the  known  source  of  infection 
causing  the  outbreak  is  removed.  The  possibility  of  exceptional 
and  inchvidual  cases  beiug  accounted  for  by  such  long  periods  of 
storage  of  the  infecting  organisms,  however,  must  be  recognized. 
This  is  a possible  explanation  of  the  case  occurring  ad  the  Government 
Hospital  for  the  Insane.  (See  p.  35.) 

NEWCOMERS. 

Data  relative  to  the  newcomers  in  the  residences  at  which  cases 
occured  are  given  in  the  follo^ving  table.  By  newcomers”  is  meant 
persons  who  moved  into  the  house  within  three  months  before  the 
onset  of  the  case. 

X umber  of  cases  at  private  residences  at  wMcb  there  were  one  or  more  newcomers . 33 

At  hotels,  rooming  houses,  hospitals,  and  other  public  institutions 34 

Xot  determined 1 

Xo  newcomers 474 

Total 542 

Of  the  33  cases  occurring  at  private  residences  at  which  there  were 
newcomers,  there  were  12  cases  associated  with  newcomers  who  were 
said  never  to  have  had  typhoid  fever,  6 with  newcomers  whose 
typhoid  history  could  not  be  learned,  1 vdth  a newcomer  who  had 
had  typhoid  fever  within  one  year,  1 with  a newcomer  who  had  had 
typhoid  between  4 and  5 years  previous,  8 tvith  newcomers  who  had 
had  typhoid  from  6 to  10  years  previous,  3 with  newcomers  who  had 
had  typhoid  from  13  to  20  years  previous,  and  2 with  newcomers  who 
had  had  typhoid  from  40  to  45  years  previous. 

Specimens  of  feces  and  urine  from  10  newcomers  suspected  to  be 
possible  bacillus  carriers  were  examined  bacteriologically,  but  all 
were  negative  for  the  typhoid  bacillus. 

SERVANTS. 

Seventy-two,  or  about  13  per  cent,  of  ^the  542  cases  occurred  at 
homes  at  which  servants  were  employed.  Of  the  523  cases  investi- 
gated in  1907,  71,  or  about  13  per  cent,  and  of  the  306  cases  investi- 
gated in  regard  to  servants  in  1906,  69,  or  about  22  per  cent,  occurred 
at  homes  at  which  seiwants  were  employed. 

The  decided  decrease  for  the  last  two  years  in  the  proportion  of 
cases  among  persons  of  the  servant -employing  or  wealthier  class  is 
interesting.  Of  the  72  cases  occurring  in  1908  at  homes  at  which 
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servants  were  employed,  6 were  at  homes  where  white  servants  were 
employed  and  resided,  2 were  at  a home  where  two  white  servants 
were  employed,  one  of  whom  resided  at  the  house  and  the  other 
went  to  liis  ovn  home  at  night;  one  was  at  a house  where  two  white 
and  one  colored  servants  were  employed,  one  white  servant  residing 
at  the  house  and  the  other  white  and  the  colored  servant  going  to 
their  own  homes  at  night. 

Nineteen  were  at  homes  where  colored  servants  were  employed 
and  resided,  41  at  homes  where  colored  servants  were  employed  but 
who  went  to  their  own  homes  at  night,  3 at  homes  at  each  of  which 
two  colored  servants  were  employed,  one  servant  residing  at  the 
place  and  one  going  home  at  night. 

Of  the  86  servants  employed  at  the  homes  of  these  72  cases,  the 


typhoid  fever  histories  were  as  follows: 

White  resident  servants  "who  had  had  typhoid  fever 0 

WTiite  resident  servants  who  had  not  had  tj^hoid  fever 8 

White  nonresident  servants  who  had  had  typhoid  fever 0 

White  nonresident  serv'ants  who  had  not  had  typhoid  fever 1 

Colored  resident  servants  who  had  had  typhoid  fever — 

Four  years  prior 1 

Five  years  prior 1 

Ten  years  prior 1 

Sixteen  years  prior 1 

— 4 

Colored  resident  seiwants  who  had  not  had  t^^hoid  fever 23 

Colored  resident  ser^’ants’  typhoid  history  not  obtained 1 

Colored  nonresident  ser\^ants  who  had  had  typhoid  fever — 

Six  years  prior 2 

Ten  years  prior 1 

F orty-five  years  prior 1 

4 

Colored  nonresident  seiwants  who  had  not  had  typhoid  fever 37 

Colored  nonresident  servants’  typhoid  histoiy  not  obtained 8 

Total 86 

Cases  at  homes  at  which  servants  were  employed 72 

Cases  at  hotels,  hospitals,  institutions,  etc ’ 31 


Thirty-one  cases  occurred  at  hospitals,  hotels,  or  other  pubhc 
institutions  at  which  there  was  a shifting  servant  population,  so  that 
accurate  data  regarding  servants  could  not  be  obtained. 

As  in  the  1907  period,  there  was  no  instance  in  which  a history  was 
obtained  of  the  existence  of  typhoid  fever  cases  at  the  homes  of  the 
servants  during  the  three  or  four  weeks  prior  to  onset  of  the  cases, 
nor  was  there  any  instance  in  which  the  information  obtained  indi- 
cated that  the  infection  was  conveyed  by  the  servants  to  the  members 
of  the  employers’  households. 

It  appears  from  the  data  that  servants  play  but  little  role  in  spread- 
ing the  disease  in  Washington. 
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TWO  OR  MORE  CASES  IN  SAME  HOUSE. 

There  were  35  instances  in  winch  two  or  more  cases  developed  in 
the  same  house  and  in  these  35  houses  there  were  81  cases  all  told. 
The  largest  number  of  cases  occurring  in  one  house  was  4,  and  there 
were  2 such  instances. 

Of  these  81  cases,  39  were  secondary  to  previous  cases  in  the  same 
households  and  were  attributed  to  infection  by  direct  contact,  17 
were  attributed  to  milk  infection,  and  25  to  undetermined  factors. 

AVENUES  OF  INFECTION  BY  PERSONAL  CONTACT. 

Of  the  cases  investigated  in  1908  there  were  17  which  developed 
among  persons  living  in  buildings  in  wliich  grocery  stores  were  located, 
1 in  a building  in  which  there  was  a bakery,  and  1 in  a building  in 
which  there  was  a saloon.  The  patients  were  cared  for  at  these 
dwellings  during  a whole  or  a part  of  their  illness,  and  in  some  in- 
stances a member  of  the  family  or  other  person  who  attended  the 
patient  was  closely  associated  vdth  the  business.  Furthermore,  in 
some  instances  the  precautions  taken  in  the  disposal  of  the  stools, 
urine,  etc.,  of  the  patient  were  decidedly  inefficient. 

The  extent  and  freedom  of  association  between  persons  of  all  walks 
of  life  in  a large  urban  community  makes  it  easy  to  understand  how 
the  infection  from  a given  case  of  typhoid  fever  may  be  conveyed 
by  devious  and  multiple  ways  to  a number  of  persons  widely  sepa- 
rated socially  and  geographically.  Many  cases  are  no  doubt  due  to 
direct  or  indirect  personal  contact  wliich  can  not  be  traced. 

Our  studies  of  typhoid  fever  in  TTashington  in  1908  have  sub- 
stantiated the  view  we  held  in  1907  that  typhoid  fever  here  is  in 
large  part  a contact  disease  and  that  it  should  be  treated  as  a quaran- 
tinable  disease.  It  is  irffinitely  easier  to  destroy  the  infection  in  the 
excreta  of  the  patient  than  in  the  various  foods  and  beverages,  on  the 
hands  of  persons,  bodies  of  insects,  etc.,  by  which  it  may  be  dissemi- 
nated after  it  leaves  the  bedside. 

PROPHYLAXIS. 

Of  the  total  665  cases  investigated,  324,  or  48.7  per  cent,  were 
treated  at  hospitals.  One  case  a few  days  after  onset  of  illness  was 
taken  for  treatment  to  a place  outside  of  the  District  of  Columbia. 

The  time  of  admission  to  hospital  of  the  cases  considered  as  having 
contracted  the  infection  in  the  District  of  Coliunbia  was  as  follows : 

Vases. 


Within  5 days  after  onset  of  illness 143 

Within  10  days  after  onset  of  illness 74 

Within  15  days  after  onset  of  illness. 18 

Within  20  days  after  onset  of  illness 3 

Within  25  days  after  onset  of  illness 1 

Total 239 
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Of  the  103  cases  considered  as  undoubtedly  having  contracted  the 
infection  outside  of  the  District  of  Columbia,  73  were  treated  at  hos- 
pital; and  of  the  20  cases  considered  as  almost  certainly  having  con- 
tracted the  infection  outside  of  the  District  of  Columbia,  12  were 
treated  at  hospital.  Of  these  85  imported  cases  treated  at  hospital, 
56  were  brought  from  places  out  of  the  District  of  Columbia  and  sent 
directly  to  hospital,  and  29  were  sent  to  hospital  after  being  treated 
at  private  residences  in  the  District  of  Columbia,  as  follows : 


At  private  residence : Cases. 

One  day 3 

Two  days 7 

Three  days 4 

Four  days.. 2 

Five  days 3 

Six  days 4 

Seven  days 2 

Eight  days 2 

Eighteen  days 1 

Nineteen  days 1 

Total 29 


In  1908,  as  in  1907  and  in  1906,  the  good  proportion  of  cases  cared 
for  at  hospitals  was  one  of  the  most  encouraging  featmes  met  with 
in  our  investigation  of  the  t}^hoid  fever  situation  in  Washington. 
The  facilities  for  preventing  the  spread  of  infection  from  t}’phoid 
fever  patients  are  much  better  at  hospitals  than  they  are  in. the  vast 
majority  of  instances  at  private  homes,  and  we  believe  in  the  light  of 
the  present  knowledge  of  the  subject  that  it  would  be  entirely  justi- 
fiable to  make  provision  for  and  require  all  typhoid  fever  patients  at 
whose  homes  the  necessary  prophylactic  measmes  are  not  or  can  not 
be  carried  out  to  be  sent  to  hospital  for  treatment. 

Of  the  340  cases  cared  for  at  private  residences,  98  during  a part  or 
the  whole  of  their  illness  were  attended  by  professional  nmses.  The 
treatment  of  stools  and  urine  with  disinfectants  was  considered 
efficient  for  152  cases,  inefficient  for  146,  of  doubtful  efficiency  for  38, 
and  method  not  ascertained  for  4. 

Of  the  146  patients  whose  stools  and  urine  were  inefficiently 
treated,  no  attempt  was  made  at  disinfection  for  46;  the  treatment 
was  inefficient  on  account  of  the  small  quantity  of  disinfectant  used 
for  70;  on  account  of  the  shortness  of  time  of  exposure  of  excreta  to 
disinfectant  for  30. 

Fpr  38  of  the  patients  the  treatment  of  stools  and  urine  was  con- 
sidered of  doubtful  efficiency  because  the  agent  used  for  accomplish- 
ing the  disinfection  was  of  doubtful  value.  In  some  instances  a little 
powdered  air-slaked  lime  was  sprinkled  over  the  stools  and  disinfec- 
tion expected.  In  more  frequent  instances  some  patented  and  widely 
advertised  preparation  was  relied  upon  as  a disinfectant,  although 
such  preparations  are  readily  proved  by  laboratory  experiments  to 
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have  practically  no  germicidal  effect.  We  foimd  that  in  some 
instances  these  patented  and  aesthetic  preparations  were  recom- 
mended for  use  by  the  physician,  or  even  by  the  professional  nurse,  in 
attendance  on  the  patient. 

Of  other  measmes  to  prevent  the  spread  of  the  infection,  such  as 
treatment  of  clothing,  bedding,  dishes,  hands  of  attendants,  etc.,  in 
contact  with  the  patient,  the  precautions  carried  out  were  considered 
efficient  for  90  cases,  fairly  efficient  for  83,  inefficient  for  163,  and 
not  determined  for  4. 

The  following  table  shows  the  prophylactic  measures  carried  out 
for  the  patients  treated  at  private  residences  dmmg  the  periods  of 
1908,  1907,  and  1906: 


Number  of  c-ases 

190S. 

1907. 

1906. 

Treatment  of  stools  and  urine: 

EflScient 

152 

128 

145 

Inefficient 

146 

180 

286 

Of  doubtful  efficiencv 

38 

48 

51 

Method  not  determined 

4 

3 

10 

Total 

340 

359 

492 

Other  measures  to  prevent  spread  of  infection: 

Efficient  

90 

79  .. 

Fairlv  efficient 

83 

96 

212 

Inefficient 

163 

181 

270 

Not  determined 

4 

3 

10 

Total 

340 

359 

492 

The  findings,  as  shown  by  this  table,  make  it  evident  that  there  is 
yet  in  the  District  of  Cohunbia  much  that  can  and  should  be  done  to 
prevent  the  spread  of  infection  from  the  patient’s  bedside,  which  is 
the  fountaia  head  of  typhoid  fever  infection. 

SUMMARY  AND  COXCLUSIOXS. 


Summary  for  1908,  with  corresponding  figures  for  1907  and  1906. 


1908  (May  1 to 
November  1). 

1907  (May  1 to 
November  1). 

( 1906(Jtmelto 
November  1). 

i Cases. 

' 1 

Percent- 

ages. 

i 1 

j Cases. 

1 

i Perc-ent- 
ages. 

1 

Cases. 

1 * 

1 Percent- 
ages. 

1 

Infection  contracted  out  of  District  of  Columbia. . 

144 

2LS0 

1 

j 174 

25.97 

129 

, 14.89 

Infection  attributed  to  milb 

52 

7.82 

48 

7.17 

85 

1 9.81 

Infection  attributed  to  contact 

114  1 

17. 14 

102 

15  22 

54 

1 523 

Accounted  for 

1 

310  j 

46.76 

1 

324 

48.46 

268 

30.93 

E'naccounted  for 

355  1 

53.24 

346 

5L64 

598 

69.  07 

Total 

1 

665  1 

100.  00 

670 

100.00 

866 

100.00 

1 

Or,  considering  only  the  542  cases,  of  which  438  undoubtedly  and 
104  probably  contracted  the  infection  in  the  District  of  Columbia, 
we  have — 


1908  (May  1 to  i 
November  1).  ! 

1907  (May  1 to 
November  1). 

1906  (June  1 to 
November  1). 

Cases. 

Percent- 

ages. 

Cases. 

Percent- 

ages. 

Cases. 

Percent- 

ages. 

Infection  attributed  to  milk 

52 

9.59 

i 

1 48 

9. 18 

85 

11. 30 

Infection  attributed  to  contact 

114 

21. 03 

102 

19. 50 

54 

7.30 

Accounted  for 

166 

30.  62 

150 

28.68 

139 

18.60 

Unaccounted  for 

376 

69.  38 

i 373 

71.  32 

608 

81.  40 

Total 

542 

100.  00 

523 

100.  00 

747 

100.  00 

Prevalence. — In  1907  and  1908  the  typhoid  fever  rate  in  the  District 
of  Columbia  was  lower  than  that  of  any  other  year  of  which  there  is 
record.  The  reduced  rate  for  both  these  years  as  compared  with  that 
of  1906  was  accounted  for  by  the  reduction  in  the  number  of  cases 
occurring  in  the  summer  periods. 

Diagnosis. — Practically  every  case  of  clinical  typhoid  fever  in 
Washington  is  reported  to  the  health  officer.  Some  cases  not  typhoid 
fever  are  reported  as  such.  The  official  records,  therefore,  show 
more  typhoid  fever  than  exists  in  a clinical  sense. 

There  should  be  official  confirmation  of  the  diagnosis  of  all  cases  of 
typhoid  fever  and  of  all  cases  suspected  to  be  typhoid  fever.  This 
would  greatly  aid  in  the  suppression  of  the  disease. 

Race. — During  the  warm  season  the  disease  prevails  proportion- 
ately among  white  and  colored.  In  the  cold  weather,  however,  the 
disease  prevails  proportionately  more  heavily  among  the  whites. 

Sex. — The  disease  is  somewhat  more  prevalent  among  males,  espe- 
cially among  those  between  the  ages  of  15  and  34  years. 

Age. — The  disease  in  1908  again  was  especially  prevalent  among 
children,  suggesting  that  milk  and  contact  are  responsible  for  more 
cases  than  can  be  definitely  traced  to  these  factors. 

Endemicity. — The  majority  of  cases  occur  among  persons  who 
have  not  been  absent  from  Washington  within  the  thirty  days  pre- 
vious to  onset  of  illness,  and  moreover  among  those  who  have  lived 
in  Washington  all  their  lives,  showing  that  Washington  is  a true 

endemic”  center. 

■Seasonal  'prevalence. — In  1906  and  1908  the  typhoid  season  and 
the  summer  season  were  both  early.  In  1907  there  were  a cool  spring 
and  late  summer,  also  a belated  typhoid  curve,  showing  strikingly 
the  correlation  between  the  beginning  of  summer  weather  and  the 
increased  prevalence  of  the  disease. 
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In  1907  and  1908  the  high  typhoid  fever  rate  continued  until  the 
cessation  of  warm  weather;  in  1906,  however,  there  was  a very 
marked  decline  in  the  typhoid  fever  rate  eight  weeks  before  the 
marked  decline  in  the  warm  weather,  indicating  that  in  this  year 
some  factor  or  factors  independent  of  warm  weather  per  se  operated 
to  a relatively  greater  extent  than  in  1907  and  1908. 

Geographical  distribution. — During  the  three  years  there  has  been  a 
general  and  fairly  uniform  distribution  of  cases  throughout  the  city. 

Sanitary  conditions. — The  majority  of  the  cases  occur  among  per- 
sons who  live  in  houses  of  good  or  fairly  good  sanitary  condition.  In 
1907  and  1908  the  proportion  of  cases  among  persons  living  under  the 
best  sanitary  conditions  was  much  smaller  than  in  1906. 

Sewerage  system. — There  is  little  difference  in  the  prevalence  of  the 
disease  in  the  sewered  and  in  the  nonsewered  districts.  There  has 
been  no  especial  grouping  of  cases,  nor  an  excessive  prevalence  of 
the  disease  in  the  sections  of  the  city  in  which  a number  of  privies 
remain. 

Flies. — In  a well-sewered  city,  as  Washington  now  is,  flies  would 
not  be  expected  to  play  much  of  a part;  and  the  lack  of  correlation 
between  the  seasonal  curve  of  fly  abundance  and  that  of  typhoid 
fever  seems  to  corroborate  this  view. 

Servants. — The  majority  of  the  cases  occur  in  households  without 
servants.  There  is  no  evidence  to  support  the  supposition  that 
day  servants  frequently  convey  infection  to  the  households  of  their 
employers. 

Imported  cases. — ^With  the  decreased  prevalence  of  the  disease  in 
1907  and  1908  the  relative  percentages  of  imported  cases  have 
increased,  but  the  actual  number  has  remained  practically  the  same 
during  the  three  years. 

Contact. — Our  studies  again  show  that  ‘‘contact’’  is  one  of  the 
major  factors  in  the  spread  of  the  disease. 

Bacillus  carriers. — The  results  of  the  examination  of  the  excreta 
of  about  a thousand  apparently  healthy  persons  indicate  that  the 
typhoid  bacillus  is  more  commonl}^  distributed  among  persons  than 
the  actual  number  of  clinically  recognized  cases  of  the  disease 
suggests. 

Milk. — About  10  per  cent  of  the  cases  in  1908,  as  in  1906  and 
1907,  were  definitely  attributed  to  infected  milk.  In  the  1908  out- 
break the  milk  was  infected  by  a bacillus  carrier.  Our  studies  for 
the  three  years  indicate  that  if  all  the  market  milk  of  Washington 
were  pasteurized  under  official  supervision  the  amount  of  typhoid 
fever  here  would  be  materially  reduced. 

Shellfish. — It  is  now  evident  that  oysters  and  other  shellfish  do 
not  play  much  part. 
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'Water, — According  to  the  accepted  bacteriologic  standards,  the 
filtered  Potomac  river  water  during  the  typhoid  seasons  of  1907  and 
1908  was  of  good  sanitary  quahty  and  it  does  not  seem  probable  that 
such  water  could  have  been  directly  responsible  for  much,  if  any,  of 
the  infection.  There  is  not  yet  sufficient  evidence,  however,  for  a 
positive  conclusion  to  be  drawn  as  to  just  what  part  the  Potomac 
river  water  has  played  in  the  causation  of  the  disease  in  previous 
years. 

Washington s excessive”  typhoid  fever  rate. — Considering  the  cli- 
matic and  general  sanitaiy  conditions  of  TPasliington,  the  typhoid 
fever  rate  is  still  comparatively  high  for  a city  vlth  no  water-borne 
infection. 

Prophylaxis. — The  results  of  three  years  of  study  show  that  the 
disinfection  of  excreta  of  patients  is  frequently  inefficient  or  neg- 
lected, and  that  there  is  a need  of  legal  control  of  typhoid  fever 
patients  and  typhoid  bacillus  carriers. 

We  are  convinced  that  a vigorous  campaign  against  typhoid  fever 
as  a ‘‘contagious”  disease,  and  the  adoption  of  measures  that  would 
prevent  the  spread  of  the  infection  in  milk,  would  eliminate  the  greater 
part  of  typhoid  fever  from  the  District  of  Columbia. 
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THE  INFLUENCE  OF  CERTAIN  DRUGS  UPON  THE  TOXICITY 
OF  ACETANILIDE  AND  ANTIPYRINE.“" 


By  Worth  Hale, 

Assistant  Pharmacologist,  Division  of  Pharmacology,  Hygienic  Laboratory,  Zf.  S.  Public 
Health  and  Marine- Hospital  Service. 


Summary. — The  results  of  the  experiments  which  are  recorded  in 
this  bulletin  indicate  that  the  deleterious  effect  of  acetanilide  upon 
the  heart  is  very  imperfectly  antagonized  by  caffeine.  They  show 
that  so  far  as  the  contractile  power  of  the  heart  is  concerned  the 
antagonism  is  very  weak  or  even  not  present  at  all,  and  in  some 
cases  that  the  two  drugs  seem  to  combine  to  depress  the  heart  to  a 
greater  degree  than  acetanilide  does  xvhen  given  alone.  The  heart 
rate,  on  the  other  hand,  is  not  slowed  after  a mixture  of  acetanilide 
and  caffeine  are  gh^en,  as  is  the  case  when  acetanilide  is  given  alone, 
and  the  decreased  heart  rate  following  the  exhibition  of  the  former 
alone  tends  to  become  normal  upon  the  subsequent  injection  of 
caffeine.  Caffeine  is  further  shown  to  increase  the  toxicity  of  acet- 
anilide mixtures  xvhen  given  to  the  intact  animal,  and  in  certain 
experiments  this  is  not  only  a summation  effect  but  even  some 
synergistic  action  is  to  be  observed. 

Sodium  bicarbonate,  quite  in  contrast,  appears  to  markedly  lessen 
the  poisonous  effects  of  acetanilide  upon  the  heart,  which  is  shown 
to  be  less  depressed  than  xvhen  the  alkali  is  not  given.  The  lessened 
toxicity  also  appears  in  the  experiments  upon  the  intact  animal,  in 
which  case  acetanilide  when  given  alone  proved  to  be  far  more  toxic 
than  in  mixtures  with  the  alkalies. 

The  combinations  of  the  alkaloids  of  the  morphine  group  also 
increase  the  toxic  effects  of  acetanilide,  while  mixtures  containing 
salicylic  acid  and  the  bromides  seem  not  to  alter  its  poisonous  effects 
in  any  Avay. 

“Submitted  for  publication  April  29,  1909. 

&The  experiments  recorded  in  this  bulletin  were  suggested  by  some  preliminary 
experiments  carried  out  by  Doctor  Hunt,  in  February,  1908,  his  results  indicating 
that  caffeine  increased  the  toxicity  of  both  acetanilide  and  antipyrine  very  materially. 
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These  experiments  indicate,  therefore,  that  caffeine  increases  the 
danger  of  acetanilide  mixtures,  as  do  also  the  opium  alkaloids.  On 
the  other  hand,  in  these  experiments  upon  the  lower  animals  sodium 
bicarbonate  appears  to  be  a fairly  good  antagonist  and  would  pos- 
sibly be  of  use  in  acetanilide  poisoning  in  man. 

In  Part  II  it  is  shown  that  caffeine  is  not  materially  antagonistic 
to  the  circulatory  depression  following  antipyrine,  but  that  it  pre- 
vents the  slowing  in  the  heart  rate.  In  the  experiments  upon  the 
intact  animal  the  mixtures  of  the  above  drugs  were  invariably  more 
poisonous  than  antipyrine  alone.  In  contrast,  and  as  in  the  acet- 
anilide experiments,  sodium  bicarbonate  was  somewhat  antagonistic 
to  the  heart  effect  of  antipyrine,  hut  when  given  to  the  intact  animal 
it  did  not  seem  to  lessen  the  toxicity  of  the  antipyrine  in  any  degree. 

HISTORICAL. 

The  year  1884  has  become  notable  in  the  history  of  therapeutics 
on  account  of  the  introduction  of  antipyrine,  the  first  of  a large  series 
of  drugs  as  agents  for  the  reduction  of  excessive  temperature.  This 
was  followed  very  shortly  (in  1886)  by  the  second  member  of  the 
antipyretic  group,  acetanihde,  and  in  quick  succession  a large  number 
of  similar  bodies  appeared,  all  of  which  possessed  in  a general  way 
the  same  action.  The  powerful  influence  of  these  drugs  upon  high 
temperature  made  them  all  extremely  popular,  and  especially  so 
since  up  to  this  time  the  other  drugs  used  in  the  relief  of  fever  were 
not  only  uncertain  in  their  action  but  were  very  much  less  powerful. 

Although  having  been  preceded  by  antipyrine  by  two  years,  acet- 
anihde quickly  outranked  it  in  popularity,  and  it  has  never  been 
supplanted  to  any  great  extent  by  any  of  the  large  number  of  anti- 
pyretics appearing  later.  Many  cases  of  poisoning  appeared  almost 
from  the  first,  due  not  only  to  the  enormous  doses  that  were  pre- 
scribed, but  also  to  the  inherent  poisonous  properties  of  these  drugs. 
This,  however,  did  not  seem  to  detract  from  its  popularity,  which 
seems  to  have  been  based  partly  upon  the  idea  that  it  was  less 
poisonous  than  antipyrine,®  and  certainly  less  poisonous  than  other 
drugs  of  the  series  excepting  acetphenetidin  and  partly  upon  the  fact 
that  it  was  somewhat  more  efficient,  ^ at  least  in  the  doses  used,  and 
thought  to  be  necessary.  The  chief  reason  for  its  greater  popularity, 
however,  seems  to  have  been  neither  its  comparative  smaller  degree 
of  toxicity  nor  its  greater  efficiency,  but  its  comparative  cheapness.'' 

The  immediate  popularity  of  this  group  of  compounds  arose  from 
their  decided  antipyretic  action,  but  it  was  quickly  observed  that 
they  were  also  very  efficacious  in  relieving  various  more  or  less 

“Barr,  Pharm.  Jour,  and  Tr.,  Bond.,  1887,  XVIII,  170. 

& Faust,  Deutsch.  med.  Wchnschr.,  1887,  XIII,  575. 

c Hinzelmann,  Munch,  med.  Wchnschr.,  1887,  XXXIV,  36. 
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obscure  pains,  generally  neuralgic  in  character,  as  facial  neuralgia, 
heniicrania,®  and  the  lancinating  pains  of  tabes  dorsalis.  At  the 
present  time  enormously  large  amounts  are  used  for  the  relief  of 
symptoms  of  this  sort,  and  comparatiyely  very  little  as  a means  of 
reducing  fever. 

Drugs  to  relieve  pain  have  always  been  especially  popular  with  the 
general  public,  who  prescribe  for  themselves  all  sorts  of  preparations 
vdth  absolutely  no  idea  of  their  poisonous  properties.  Hence  the 
legitimate  use  of  the  antipyretics  quickly  was  made  subservient  to  an 
indiscriminate  use,  especially  in  the  treatment  of  headache,  so  that 
Siefert,^  as  early  as  1888,  pointed  out  the  great  danger  of  allo^ving 
the  apothecaries  to  dispense  these  preparations  directly  to  the  general 
pubhc.  Despite  this  early  recognition  of  the  danger  of  their  promis- 
cuous'use  in  this  class  of  disorders  their  use  has  become  almost  uni- 
versal, and  at  the  present  time  they  are  dispensed  directly  to  the 
laity  over  the  counters  of  every  drug  store  and  at  almost  every  soda 
fountain  ^vith  no  warning  as  to  their  danger  and  vdth  meager  directions 
as  to  dosage. 

The  early  history  of  this  popular  use  of  the  antipyretics,  especially 
of  acetanilide,  is  closely  connected  with  their  exploitation  in  proprie- 
ta.ry  remedies.  Appearing  as  one  of  the  first,  if  not  the  first  of  these, 
were  the  notorious  “Antikamnia”  preparations.  The  promoters  of 
these  products  claimed  to  have  discovered  a new  and  wonderful 
member  of  the  antipyretic  series  which  was  far  more  efficacious  than 
those  in  common  use  and  without  their  deleterious  effects.  These 
claims  were  such  that  chemists  both  in  this  country  and  abroad 
became  interested  and  a large  number  of  analyses  were  made.  These 
showed  that  instead  of  a new  and  harmless  remedy  Antikamnia  was 
really  a mixture  which  sometimes  contained  one  thing,  sometimes 
another,  but  always  the  already  well-known  aniline  compound, 
acetanilide.  Among  the  first  analyses  was  that  of  Hall,^'  who  found 
77.5  per  cent  acetanilide  and  19.3  per  cent  sodium  bicarbonate.  In 
the  same  year  Goldman^  reported  acetanilide  70  per  cent,  sodium 
carbonate  20  per  cent,  and  caffeine  10  per  cent. 

There  seems  to  be  no  literature  bearing  directly  upon  the  exhibition 
of  caffeine  and  the  alkaline  carbonates  with  the  antipyretics  and  it 
will  probably  never  be  knovm  just  why  caffeine  was  introduced  into 
the  general  type  acetanilide  prescription.  Two  reasons  may  be  sug- 
gested, however.  It  had  been  knovui  for  a very  long  time  that  caf- 

a Chomjakow  u.  Ljwow,  Wmtsch.,  1885,  VI,  887.  White,  N.  Y.  Med.  Rec.,  1886, 
XXX,  293.  Ungar,  Centralbl.  f.  klin.  Med.,  1886,  VII,  777.  Secretan,  Revue  med. 
de  la  Suisse  rom.,  1887,  VII,  29. 

&Siefert,  Munch,  med.  Wchnschr.,  1888,  XXXV,  850,  867. 

cHall,  Druggists  Circular,  1891,  XXXV,  99. 

^Goldman,  Pharm.  Ztg.,  1891,  XXXVI,  255. 
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feine  in  itself  was  useful  in  certain  forms  of  headache,  and  it  appeared 
in  several  formulae  combined  with  the  bromides  a number  ot  years 
before  the  introduction  of  antipyrine  and  acetanilide.  The  natural 
inference,  therefore,  is  that  it  was  a direct  transfer  of  caffeine  from 
the  old  to  the  new  type  of  headache  remedies.  The  other  explanation 
of  its  presence  is  to  be  found  in  the  literature  relating  to  the  treat- 
ment of  cases  of  acetanilide  poisoning.  Lepine  “ seems  to  have  first 
suggested  caffeine  as  an  antidote,  having  reported  that  the  cyanosis 
of  acetanilide  poisoning  disappeared  after  large  doses  of  this  drug. 
In  1889  Mahnert^  suggested  that  the  excitants  be  used,  and  in  treat- 
ing three  cases  made  use  of  ether  injections,  wine,*  and  powdered 
caffeine,  the  latter  being  especially  recommended  by  him.  Hartge^^ 
treated  a case  of  poisoning  with  coffee  and  brandy  and  later  with 
camphor  and  ether  injections.  Falk  ^ used  caffeine,  but  thought  that 
alcohol  was  distinctly  contraindicated,  owing  to  the  increased  solu- 
bility of  acetanilide  in  this  menstruum  and  therefore  its  more  rapid 
absorption.  Such  a course  of  treatment  for  acetanilide  poisoning 
might  easily  have  suggested  the  addition  of  one  of  the  above  drugs  to 
acetanilide  mixtures  with  the  idea  that  poisoning  would  be  prevented. 
Whether  caffeine  was  introduced  into  them  as  an  active  agent  in  the 
cure  of  headache  or  merely  to  give  an  additional  safety  to  a drug 
with  known  poisonous  properties  it  is  of  course  impossible  to  say,  and 
both  factors  may  have  played  some  part.  At  any  rate  caffeine  thus 
introduced  has  been  almost  invariably  a constituent  of  all  prescrip- 
tions or  proprietary  formulae  containing  acetanilide. 

The  generally  prevailing  idea  at  the  present  time  is  that  caffeine 
is  added  to  prevent  the  deleterious  effects  of  the  coal-tar  drugs  upon 
the  heart,^  although  this  does  not  seem  to  have  been  the  original 
reason  for  its  administration.  No  direct  observations  concerning 
its  antidotal  value  seem  to  have  been  made,  but  on  purely  theoretical 
grounds  it  would  apparently  be  useful  as  a stimulant  to  the  respira- 
tory center,  which  becomes  markedly  embarassed  from  the  formation 
of  methsemoglobin  and  to  a lesser  degree  to  the  heart.  It  does  not 
seem  probable  that  it  would  have  any  special  influence  upon  the 
cyanosis  unless  indirectly  through  increased  respiratory  activity. 

The  combination  of  alkali  carbonates  with  acetanilide  also  became 
popular  about  1890,  but  the  reason  for  their  presence  in  acetanilide 

« Lepine,  Rev.  de  med.  Par.,  1887,  VII,  531. 

&Mahnert,  Memorabilien,  Heilbr.,  1889,  XXXIV,  321. 

cHartge,  St.  Petersb.  med.  Wchnschr.,  1890,  VII,  69. 

<^Falk,  Therap.  Monatsh.,  1890,  IV,  257. 

^McFarline,  Canad.  Pharm,  Jour.,  Toronto,  1906,  XXXIX,  360,  says  in  speaking 
of  headache  powders:  “It  will  be  noted  that  in  most  cases  the  depressant  effect 

upon  the  heart  is  sought  to  be  counteracted  by  the  addition  of  caffeine,  bicarbonate 
of  soda,  or  other  drugs  of  like  character.” 
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mixtures  is  largely  a matter  of  conjecture.  Herczel®  in  1887  carried 
out  some  experiments  upon  dogs  and  was  able  to  show  that  the  exhi- 
bition of  acetanilide  definitely  decreased  the  alkalinity  of  the  blood. 
Although  all  methods  for  determining  the  alkalinity  of  the  blood 
are  unreliable  this  fact  would  afl’ord  an  experimental  basis  for  their 
presence,  but  the  small  amount  present  in  the  usual  t^’pe  of  acetan- 
ilide mixture  would  probably  be  insufficient  to  make  the  blood 
materially  less  acid. 

In  this  comiection  it  is  important  to  remember  that  acetanilide 
causes  the  formation  of  methsemaglobin  in  the  blood  and  that  this 
may  be  hastened  by  a decrease  in  the  alkalinity  of  the  blood  has  been 
pointed  out  by  Kobert^  who  states  that  the  alkahes  prevent  the  break- 
ing up  of  the  blood  cells  and  the  formation  of  methsemaglobin.  The 
exhibition  of  alkalies,  according  to  Kobert,  also  serves  to  aid  the 
regeneration  of  the  oxyhsemaglobin,  an  alkali-methaemaglobin  being 
formed  as  an  intermediary  product  winch  changes  the  blood  from 
a chocolate  bro\vn  to  a red  and  from  tins  oxyh^emaglobin  is  formed. 

Another  reason  for  the  combination  of  alkahes  vdth  acetanilide 
has  to  do  with  increasing  the  solubihty  of  the  drug,  the  idea  formerly 
prevailing  that  acetanilide  was  made  more  soluble  and  hence  more 
easily  absorbed  when  thus  prescribed.  In  1891  Hall^  gave  as  a 
reason  for  the  greater  activity  that  had  been  claimed  for  antikamnia 
its  finely  divided  state  and  the  presence  of  sodium  bicarbonate, 
which  he  said  made  it  more  soluble.  The  idea  of  greater  solubihty 
when  given  with  alkahes  seems  to  have  been  held  as  late  as  1906  for 
Ritter, in  commenting  on  the  introduction  of  a compound  acetan- 
ihde  powder  into  the  eighth  decennial  revision  of  the  U.  S.  Phar- 
macopoeia, VTote  that  it  mattered  very  little  whether  the  alkahne 
salt  be  a carbonate  of  ammonium  or  sodium  or  a bicarbonate,  as  it 
was  onh^  added  to  increase  the  solubihty  of  the  acetaiiihde.  Puckner  ^ 
could  find  no  experimental  basis  for  tins,  however,  and  was  able  to 
show  in  direct  contradiction  that  no  increased  solubihty  occurred 
in  alkahne  solutions.  Acids,  on  the  other  hand,  especially  strong 
solutions,  increased  the  solubihty  to  some  extent,  and  he  concluded 
therefore  that  acetanifide  is  probably  even  less  soluble  when  taken 
vfith  an  alkahe  because  of  the  partial  neutrahzation  of  the  acid  gastric 
contents.  A further  reason  for  the  presence  of  alkahes  in  mixtures 
vfitli  the  antipyi’etics,  more  particularly  antipyrine,  is  found  in  the 
occasional  gastric  irritation  that  results  from  their  administration, 

aHerczel,  ^’ien.  med.  Wchnschr.,  1887  XXXYII,  1022. 

& Kobert,  Lehrbuch  der  Intoxikationen,  1902,  73-74. 
cHall,  Druggist  Circular,  1891,  XXXV,  99. 

Ritter,  Joui’.  Am.  Med.  Ass.,  1906,  XLVII,  683. 
e Puckner,  Ibid.,  1206. 
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both  sodium  bicarbonate  and  seltzer  water  having  been  suggested 
as  a means  of  lessening  these  disagreeable  symptoms.®  Looked  at 
from  a purely  pharmaceutical  standpoint  the  presence  of  carbonates 
in  such  mixtures,  when  dispensed  in  tablet  form,  would  aid  in  the 
disintegration  of  the  tablet  because  of  the  chemical  action  of  the 
acids  of  the  gastric  juice. 

No  branch  in  the  manufacture  of  proprietary  medicine  has  offered 
such  inducements  for  the  introduction  of  special  formulae  or  special 
nomenclature  as  has  that  dealing  with  the  preparation  of  headache 
remedies.  And  almost  invariably  this  has  meant  acetanilide  mix- 
tures. The  universal  use  of  such  drugs  in  the  relief  of  such  a com- 
mon symptom  has  led  to  multiplication  and  remultiplication  of  the 
different  preparations  until  they  are  numbered  by  the  hundreds. 
These  have  in  a general  way  followed  the  general  type  of  formula  as 
illustrated  by  antikamnia,  containing  acetanilide  as  a basis  and  occa- 
sionally antipyrine  or  acetphenetidin,  although  the  cheapness  of  the 
former  drug  made  it  by  far  the  most  popular  with  the  manufacturers. 
The  other  ingredients  of  these  mixtures  have  usually  included  caffeine 
and  an  alkaline  carbonate  and  less  often  the  salicylates,  the  bro- 
mides, morphine,  and  codeine. 

The  fact  that  many  of  these  preparations  were  advertised  and 
sold  to  the  physician  on  the  one  hand  and  directly  to  a drug-addicted 
public  on  the  other,  that  they  and  similar  proprietaries  were  often 
frauduently  advertised  as  panaceas  of  unusual  and  wonderful  virtue, 
and  finally  that  their  composition  was  shown  to  be  notoriously  vari- 
able, was  sufficient  to  arouse  a sentiment  againstiall  such  preparations. 

In  line  with  this,  in  the  last  revision  of  the  United  States  Pharma- 
copoeia, certain  formulae  were  introduced,  the  purpose  of  which  was 
to  give  the  physician  official  preparations  to  take  the  place  of  the 
many  similar  ones  which  he  had  previously  been  prescribing.  This 
accounts  for  a number  of  formulae  which  are  now  pharmacopoeial, 
and  especially  for  Pulvis  Acetanilide  Compositus.  Although  there  1 . 
may  be  some  reasons  for  criticising  this  step,  it  certainly  was  desirable  ^ i 
that  the  physician  should  be  able  to  order  an  acetanilide  mixture 
the  composition  of  which  was  known  and  which  contained  a definite  f , 
and  constant  proportion  of  the  several  ingredients.  | - 

It  is  the  purpose  of  this  investigation  to  determine  through  experi-  j 
ments  upon  animals  to  what  extent  the  presence  of  such  a combina-  5 j 
tion  of  drugs  is  justifiable  upon  the  basis  of  a lessened  or  altered  f | 
toxicity  of  the  contained  acetanihde;  also  to  determine  to  what  ex-  ; 
tent  the  toxicity  of  other  coal-tar  combinations  is  altered  by  the  , 
addition  of  the  various  other  drugs  most  frequently  found  with  them  | 
in  the  various  formulae. 


a Am.  Jour.  Pharmacy,  1888,  XVIII,  ISO. 
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DETERMINATION  OF  HEART  ACTION. 

The  popular  belief  in  the  value  of  caffeine  in  preventing  the  poi- 
sonous heart  effects  of  the  coal-tar  products  suggested  the  experi- 
mental determination  of  any  modifications  in  the  action  upon  this 
organ  which  might  occur  when  it  was  exliibited  in  combination  with 
acetanilide.  Experiments  were  carried  out  upon  both  warm  and  cold 
blooded  animals,  using  the  myocardiograph  method  to  record  the 
changes  in  the  dog’s  heart,  the  perfusion  method  in  estimating  the 
changes  in  the  frog’s  heart. 

Action  upon  the  frog’s  heart. — The  perfusion  method  was  adopted 
as  being  most  suitable  for  determining  the  changes  occurring  in  the 
frog’s  heart  after  acetanilide  and  combinations  of  this  drug  with 
caffeine  citrate  or  an  alkaline  carbonate.  This  method  was  believed 
to  be  especially  suitable  for  this  purpose  on  account  of  the  relative 
insolubihty  of  acetanilide  in  an  aqueous  solvent,  since  compara- 
tively small  amounts  are  sufficient  to  produce  profound  changes  in 
the  isolated  heart.  It  is  also  of  advantage  because  by  its  use  second- 
ary and  extraneous  effects  are  excluded,  any  action  being  limited 
to  the  intrinsic  nerves  of  the  heart  or  to  the  cardiac  muscle  substance. 

In  all  cases  frogs  of  the  same  variety  (Rana  pipiens)  captured  at 
the  same  time  and  kept  under  the  same  conditions  were  used.  As 
far  as  possible  those  of  the  same  weight  were  chosen  and  this  was 
always  done  when  comparisons  between  the  relative  effects  produced 
on  several  frogs  were  to  be  noted.  In  most  instances  each  heart  was 
made  its  o^vn  control,  so  that  these  precautions  were  usually  unnec- 
essary. The  frogs  were  pithed  (both  brain  and  cord)  and  the  heart 
exposed  in  the  usual  manner.  After  removal  of  the  pericardial  sac 
the  right  branch  of  the  aortic  arch  was  dissected  out  and  ligated,  and 
a canmda  inserted  into  the  left  branch  as  far  from  the  heart  as  pos- 
sible. By  gentle  traction  upward  the  heart  may  be  separated  from 
the  oesophagus  and  other  tissues,  best  accomplished  by  running  a 
bhmt  dissecting  needle  between  these  structures  and  the  sinus  venosus. 
If  the  animal  is  small  it  is  probably  easier  to  insert  the  inflow  camiula 
into  the  posterior  vena  cava  by  turning  the  heart  over  vdth  the  base 
downward  (frogs  weighing  10  grams  have  been  successfully  employed 
using  this  procedure).  If  the  animal  is  large,  25  to  50  grams,  the 
venous  cannula  is  usually  inserted  with  the  heart  lying  in  the  normal 
position. 

Two  Mariotte  bottles  of  about  150  c.  c.  capacity  were  used  to  hold 
the  perfusing  fluid.  They  were  mounted  on  a stand  and  into  the 
upper  opening  of  each  bottle  a glass  tube  reaching  to  within  one-half 
c.  m.  of  the  bottom  was  inserted  through  a tightffi  fitting  stopper  in 
order  to  allow  ingress  of  air  and  thus  preserve  a constant  pressure  no 
matter  what  the  level  of  the  fluids  m the  bottles  might  be.  The 
outlets  of  the  two  bottles  were  connected  through  a Y tube  held 
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immovably  by  a clamp.  Einger’s  solution,  (sodiimi  chloride  0.7, 
potassium  chloride  0.03,  and  calcium  chloride  0.026  per  cent),  was 
used  as  a perfusing  fluid.  The  venous  cannida  was  connected  with 
the  outlet  of  the  Y tube,  while  the  aortic  cannula  was  supported  in 
such  a manner  that  the  perfused  fluid  would  flow  back  over  the  heart, 
thus  keepmg  it  moist  and  in  good  condition.  The  heart  with  certain 
exceptions  as  noted  below  was  started  by  perfusiog  it  with  Einger’s 
solution  at  a temperature  of  20  to  22"  and  the  rate  and  output  per 
five-minute  periods  were  recorded.  TThen  a normal  had  been  ascer- 
tained acetanilide  in  varying  per  cent  in  Einger’s  perfusing  fluid  was 
substituted,  and  after  the  efl’ect  of  this  solution  had  been  determined 
this  was  replaced  by  acetanflide  of  the  same  strength,  but  to  which 
had  been  added  either  cafleine  citrate  or  sodium  bicarbonate  and  the 
output  and  rate  again  recorded  as  before. 

In  estimating  the  effect  of  acetanihde  alone  and  in  combination 
with  other  drugs,  it  was  first  planned  to  use  a sufficient  concentration 
to  poison  the  heart  to  such  an  extent  that  it  would  stop  beating  after 
twenty  or  thirty  minutes.  The  drug  in  large  doses  being  of  itself  a 
depressant  of  the  heart,  it  was  thought  that  the  rate  and  output  worfld 
both  grow  gradually  less  and  less,  and  that  finally  the  heart  would 
stop  beating.  Such  a course  of  progressive  poisoning,  however,  does 
not  seem  to  follow.  After  perfusing  with  strong  solutions  (one-haK 
to  one-fifth  per  cent)  the  heart  is  found  to  cease  beating  almost  in- 
stantly; slightly  weaker  solutions  (one-sixth  to  one-tenth  per  cent) 
would  stop  the  heart  in  some  cases  either  at  once  or  after  a few 
minutes,  or  again  would  not  stop  it  although  perfused  through  it  for 
an  hom-  or  more.  Protocols  illustrating  this  action  of  the  drug  are 
given  in  Table  I. 

Table  I. — Perfusion  of  the  isolated  frog's  heart  icith  Fingers  solution  and  acetanilide. 


Protocol  20..  October  12,  190S- 

Protocol  25,  October  13, 19(».  j 

Output 

Output 

Time. 

Rate. 

per 

Time. 

Rate.  i>er 

5 minutes. 

5 minutes. 

C.  c. 

C.c.  1 

9.50 

26 

2.00 

2S  ' 

9.  55 

26 

21 

2.a5 

29  ie  *i 

10.00 

25 

25 

Acetanilide,  i per  cent.  ■ 

Acetanilide.  \ per  cent. 

2.10  ' 

12  5 j 

10.02 

13 

2.14 

0 

10.  te 

13 

9 

10.10 

10 

7 

10. 15 

10 

7 

10.20 

9 

7 

10.30 

u 

s 

10.40 

12 

9 

10.50 

11.10 

12 

14 

10 

In  Other  respects  the  efl’ect  on  the  rate  is  veiw  regiflar.  Almost 
immediately  after  the  introduction  of  the  dmg  the  rate  decreases  to 
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about  half,  although  in  some  cases  the  slo\\ung  is  more  progressive 
and  drops  by  degrees  to  a certain  point  or  in  certain  cases  rapidly  to 
zero.  The  rate  in  both  auricle  and  ventricle  usually  remains  the 
same  until  late  in  the  poisoning,  when  the  auricles  are  observed  to 
be  less  affected  than  the  ventricle  and  continue  to  beat  for  some 
time  after  the  latter  has  ceased  to  contract. 

Another  rather  peculiar  feature  of  the  poisoning  is  that  after  the 
heart  has  been  exposed  to  the  action  of  the  drug  for  some  time  the 
heart  muscle  seems  to  gain  some  tolerance  for  the  poison,  for  al- 
though never  regaining  its  normal  rhythm,  the  toxic  effect  appears 
to  become  less  and  often  the  rate  and  output  are  secondarily  aug- 
mented. The  same  thing  is  shown  in  other  instances  by  the  stop- 
page of  the  heart  following  the  first  introduction  of  the  drug.  After 
a short  time  it  is  allowed  to  regain  its  original  rhythm  by  perfusing 
it  with  Ringer’s  solution,  whereupon  a second  introduction  of  the 
drug,  although  slovdng  the  rate,  shows  no  tendency  to  check  it 
entirely.  Calm  and  Hepp  ® in  perfusing  the  hearts  of  frogs  (species 
not  recorded)  reported  some  slovdng  but  no  change  in  the  energy, 
but  their  work  may  be  questioned  because  of  an  insufficient  range  in 
the  per  cent  of  acetanilide  used.  TVeil  ^ noted  a primary  increase  in 
both  rate  and  energy,  but  this  was  followed  by  a secondary  decrease 
in  both.  Lepine  reported  that  acetanihde  increased  the  energy  but 
decreased  the  heart  rate.  My  own  observation  was  that  the  energy 
was  sometimes  considerabl}^  augmented,  but  this  effect  was  always 
of  very  short  duration.  Less  often  there  appeared  also  a momentary 
increase  in  heart  rate,  but  in  the  case  of  all  my  experiments  this  was 
quickly  followed  by  a very  marked  slovdng. 

The  next  problem  was  to  determine  what  strength  of  caffeine  cit- 
rate could  be  used  to  the  greatest  advantage  in  perfusing  the  heart 
of  Rana  pipiens.  It  is  well  known  that  rigor  is  produced  in  the 
skeletal  muscles  and  the  heart  of  frogs,  although  the  latter  is  not  so 
readily  affected,  and  small  doses  cause  definite  stimulation,  both  rate 
and  output  being  increased.  It  is  obvious,  of  course,  that  an  amount 
of  the  drug  should  be  used  too  small  to  produce  rigor  and  yet  suffi- 
ciently large  to  cause  stimulation.  By  experiment  this  was  found  to 
be  between  one-fifteen  hundredth  per  cent  and  one-five  thousandth 
per  cent.  Below  one-fifteen  hundredth  per  cent  the  heart  rate  was 
most  often  slowed,  and  even  at  this  dilution  the  output  was  very 
materially  lessened.  In  stronger  solutions  both  rate  and  output  rap- 
idly fell  to  zero.  Examples  of  the  effects  produced  are  shown  in 
Table  II. 

«Cahn  and  Hepp,  Berl.  kliu.  Wchnschr.,  1887,  XXIV,  27. 

& Weil,  Thesis,  Paris,  De  1’ Acetanilide,  1887,  47  pp. 

c Lepine,  Revue  de  med..  Par.,  1887,  VII,  310. 


Table  II. — Perfusion  of  the  isolated  frog's  heart  with  caffeine  citrate  in  Ringer's  solution. 


Protocol  13,  October  7, 190S. 

Protocol  14,  October  S,  1908. 

Output 

Output 

Time.  Rate. 

I>er 

Time. 

Rate.  per 

5 minutes. 

5 minutes. 

C.  c. 

; C.C. 

11. 05  24 

la  10 

07 

11.10  24 

18 

10.15 

27  19 

Caffeine  citrate  ^ per  cent. 

10.20 

28  21 

11. 11  26 

10.25 

27  20  ! 

11. 15  20 

10 

laso 

1 27  20  1 

11. 18  0 ' 

1 

Caffeine  citrate  per  cent. 

11.20  

4 

1 10.  32  1 

1 29  1 = 

10.35  1 

1 30  1 22  i 

1 ia40  i 

1 27  i 23  j 

10.  45 

11.05 

1 

Having  thus  determined  the  manner  in  which  the  frog’s  heart 
reacts  when  perfused  with  definite  percentages  of  caffeine  or  acet- 
anilide, a third  series  of  experiments  were  carried  out  to  determine 
to  what  extent  and  in  what  manner  the  action  of  acetanihde  in 
solutions  of  various  strengths  could  be  modified  by  the  addition  of 
such  amounts  of  caffeine  as  had  been  shown  to  possess  a definite 
stimulant  action.  Two  methods  of  determining  these  effects  were 
employed,  one  based  upon  the  differences  in  the  time  necessary  to 
stop  the  heart,  the  other  upon  changes  in  rate  and  output.  It  had 
been  shown  by  a number  of  experiments,  using  one-seventh  of  one  per 
cent  solutions  of  acetanihde  alone,  that  the  heart  was  stopped  by 
the  poisonous  action  of  the  drug  at  the  following  intervals:  37,  17, 

9,  and  30  minutes,  or  on  the  average  23.1  minutes  after  the  perfusion 
of  the  drag  was  begun.  Accordingly  one-seventh  per  cent  acetanihde 
solutions  to  which  one  two-thousandth  per  cent  caffeine  citrate  had 
been  added  were  perfused  at  the  same  temperature  through  another 
series  using  frogs  of  approximately  the  same  weight.  The  intervals 
between  the  introduction  of  the  combined  drugs  and  the  stoppage  of 
the  heart  were  as  foUows:  2.5,  3,  15,  and  8 minutes,  or  on  the  average 
12.7  minutes  after  the  dmg  was  started.  In  both  series  marked 
irregularities  will  be  noted.  Tiffs  is  probably  in  great  part  due  to 
the  irregularity  in  the  course  of  acetanihde  poisoning  and  because  of  ^ 
the  great  differences  in  the  same  series  it  becomes  impossible  to  draw 
absolute  conclusions.  The  results  as  they  stand,  however,  incficate 
considerably  more  toxicity  to  the  heart  from  the  dnigs  when  exhibited 
in  combination  than  from  acetanihde  alone. 

The  second  method  of  experimenting  consisted  in  poisoiffng  the  | 
heart  with  smaher  quantities  of  acetanihde  with  the  idea  of  keeping  ) 
it  beating,  for  some  time  and  then  noting  the  changes  in  rate  and  | 
output  upon  the  substitution  of  the  acetanihde  caffeine  combination.  •[ 
These  experiments  are  also  somewhat  disappointing  because  of  their  | 
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failure  to  show  striking  modifications  in  action.  It  seems  possible, 
however,  in  going  carefuUy  over  the  results  obtained  in  this  manner 
to  point  out  certain  definite  changes.  In  five  experiments  there  was 
clearly  a lessened  toxicity  as  a result  of  using  the  drugs  in  combina- 
tion. In  fourteen  experiments  the  results  were  exactly  the  opposite. 
The  rate  was  lessened  in  five  and  in  the  others  there  was  no  change, 
but  in  all  cases  there  was  a decrease  in  the  output  over  that  produced 
by  acetanilide  alone.  Two  protocols  illustrating  this  increased 
toxicity  are  given  in  Table  III. 

Table  III. — Perfusion  of  the  isolated  frog^s  heart  with  acetanilide,  and  with  acetanilide 
and  caffeine  citrate  in  combination. 


Protocol  17,  October  10,  1908. 

Protocol  40,  October  23,  1908.  ' 

1 

1 

Output 

- 

1 Rate. 

Output 

1 Time. 

Rate. 

per 

Time. 

per 

1 

5 minutes. 

1 

5 minutes.  ^ 

C.  c. 

C.  c.  \ 

9.50 

29 

9.20 

28 

\ 

9.55 

32 

20 

9.25 

36 

23 

10.00 

32 

25 

9.30 

35 

22 

10.05 

33 

27 

Acetanilide  i per  cent  + caf- 

Acetanilide  tV  per  cent. 

feine  citrate 

per  cent. 

10. 07 

1 19  1 

9.31 

0 

1 

10.10 

17 

25 

9.32 

Ringer’s  solution. 

10.15 

15 

23 

9.35 

26  1 

1 19 

Acetanilide  per  cent  + 

9.40 

33 

19 

per  cent  caffeine  citrate. 

Acetanilide  i per  cent. 

10.17 

13  1 

9.42 

1 19 

1 

10.20 

14 

26 

9.45 

13 

1 8 

10.25 

11 

27 

Acetanilide  ^ per  cent  + caf- 

10.30 

11  1 

25 

feine  citrate  ^rrinT  per  cent. 

Acetanilide  Js  per  cent. 

9. 46 

1 0 

10.32  I 

1 

13  1 

It  must  be  admitted  that  the  changes  are  not  very  definite,  but  as 
in  the  results  obtained  by  the  other  method  there  is  some  indication 
of  increased  toxicity  from  the  combination.  The  results  at  any  rate 
are  confirmatory  of  each  other.  It  may  be  very  clearly  stated  too 
that  there  is  no  lessened  toxicity  when  using  the  drugs  in  the  above 
strengths  and  this  again  substantiates  the  results  shown  by  the  first 
series  of  experiments. 

In  another  series  of  experiments,  carried  out  to  determine  changes 
in  rate  and  output,  smaller  amounts  of  the  drugs  were  used.  In  these 
such  small  amounts  of  the  drugs  were  perfused  that  the  perfusion 
was  begun  with  solutions  of  acetanilide  in  Ringer’s  solution.  The 
second  perfusion  bottle  in  addition  to  the  acetanilide  contained 
either  caffeine  citrate  or  sodium  bicarbonate.  After  a series  of  read- 
ings using  acetanilide  had  been  taken,  the  combined  drugs  were  per- 
fused and  the  resulting  changes  in  heart  rate  and  output  were  noted. 
Acetanilide  was  used  in  one-fifteenth  per  cent  strength  and  caffeine 
citrate  in  one  three-thousandth  per  cent,  and  with  few  exceptions  the 
176— Bull.  53—09 2 
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results  in  this  series  indicated  that  caffeme  if  sufiiciently  dilute  vcould 
antagonize,  to  some  extent  at  least,  the  poisonous  effects  of  acetanilide. 
There  were  some  experiments  which  still  showed  greater  toxicitv 
from  the  combination  of  drugs  than  from  acetanilide  alone,  but  these 
were  oiffy  occasional.  However,  they  were  sufficiently  frequent  to 
illustrate  very  well  how  incomplete  the  antagonism  between  these 
drugs  really  is. 

Protocols  showing  the  results  of  this  series  of  experiments  are  given 
in  the  folio  whig  table: 

Table  IV. — Effect  upon  the  isolated  frog's  heart  of  an  acetanilide  Pdngefs  solution  and  a 
similar  solution  to  which  caffeiiw  citrate  had  been  added. 


Protocol  53. 

Protocol  50. 

Time. 

Rate. 

Output  per 
5 minutes, 

Time. 

Rate. 

Output  per 
5 minutes, 

Acetanilide  per  cent. 

Acetanilide  W per  cent. 

C.  c. 

C.  c. 

9.35 

22 

11.00.... 

20 

9.40 

20 

54 

11.10 

15 

21 

9.45 

20 

52 

11.15 

17 

20 

9.50. . . . 

21 

50 

11.20 

17 

20 

9.55 

22 

53 

11.25 

16 

19 

10.00... 

22 

56 

Acetanilide  per  cent+caf- 

Acetanilide  ^ per  cent+caf- 

feine  citrate  per  cent. 

feine  citrate 

per  cent. 

11.27 1 

1 16 

10.02... 

1 -■ 

11.30.... 

10 

IS 

10.05... 

! 26 

5S 

11.35 

14 

17 

10.10... 

27 

56 

11.40 

14 

15 

10.15... 

07 

57 

11.45 

14 

14 

10.20...  1 

1 25 

54 

Acetanilide  per  cent. 

Acetanilide  tL  per  cent. 

11.47.... 

13 

10.22... 

23 

11.50 

12 

13 

10.25... 

23 

5S 

12.00 

12 

10 

10.35... 

22 

55 

To  determine  to  what  extent  the  presence  of  alkaline  carbonates 
in  the  perfusion  fluid  would  modify  or  prevent  the  toxic  effects  of 
acetanilide  was  then  made  the  subject  of  a series  of  experiments. 
In  this  work  no  effort  was  made-  to  determine  the  length  of  time 
necessary  to  produce  stoppage  of  the  heart,  but  as  in  the  later  caf- 
feme-acet anilide  experiments  the  comparison  was  made  by  noting 
the  changes  in  rate  and  output.  Acetanilide  was  used  in  only  one- 
eighth  per  cent  solution,  but  the  amount  of  sodium  bicarbonate  and 
ammonium  carbonate  was  varied  from  one  three-hundredth  to  one- 
twentieth  per  cent.  As  far  as  could  be  determined  there  seemed  to 
be  no  difference  in  the  antagonistic  value  whether  the  base  were  sodium 
or  ammonium.  In  all  cases  there  proved  to  be  a considerable  degree 
of  antagonism,  but  this  was  not  at  all  sufficient  to  abolish  or  even 
prevent  quite  marked  slowing  and  weakening  from  the  toxic  action 
of  the  acetanilide.  The  degree  to  which  sodium  bicarbonate  is  anti- 
dotal to  acetanffide  when  perfused  through  the  frog's  heart  is  shown 
by  the  protocols  given  in  Table  Y. 
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Table  V. — Perfusion  of  the  isolated  frog^s  heart  with  acetanilide  and  with  acetanilide 
and  sodium  bicarbonate  in  Ringer's  solution. 


Protocol  35,  October  15,  1908. 

Protocol  38,  October  16,  1908. 
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32  
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17  12 
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14  

10  11 
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1 

1. 55 

2.00 
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Acetanili 
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2.20 

2.28 

Acetanili 

cei 

2. 30 

2.35 

42 

38 

33 

de  1 per 
c per  cent 

h- 

21 

1 22 

22 

I 21 

de  J per 
Qt. 

16 

14 

_Xot  re- 
corded. 

Action  on  the  dog^s  heart.  — The  effect  of  acetanilide  upon  the  mam- 
malian heart  is  considered  such  an  important  factor  in  the  poisoning 
in  man  that  the  results  of  the  control  experiments  done  in  determin- 
ing the  nature  of  the  effect  of  acetanilide  caffeine  combinations  will 
be  described  in  detail.  Evans,®  in  describing  the  effect  of  acetanilide 
upon  the  circulation,  states  that  it  caused  a rise  of  pressure  and  a 
slight  acceleration  in  the  heart  rate  when  given  to  rabbits  in  doses  of 
15  to  75  milligrams.  Lepine^  reported  in  experiments  on  dogs  that 
there  was  an  increased  heart  rate,  increased  energy,  and  greater  ten- 
sion in  the  arteries,  but  that  this  was  followed  by  slowing  and  lessened 
tension.  Hare‘S  also  worked  with  dogs  and  found  a slight  fall  in  pres- 
sure, and  Osier‘S  in  clinical  observations  noted  a decrease  of  the  pulse 
of  from  20  to  30  beats  per  minute.  Weil®  seems  to  have  summed  up 
the  action  of  the  drug  in  his  experiments  by  stating  that  the  first 
effect  was  an  increase  of  rate  and  energy,  but  that  this  was  followed 
by  a decrease  in  both.  It  is  generally  concluded  from  experimental 
evidence,  therefore,  that  small  doses  increase  the  heart  action,  but 
that  larger  amounts  cause  depression.  Xo  experiments  seem  to  have 
been  made  in  which  the  heart  action  of  acetanilide  was  recorded  by 
a myocardiograph.  Accordingly  it  seems  worth  while  to  again  report 
upon  the  action  of  this  drug  upon  the  circulatory  organs  as  a means 
of  emphasizing  its  dangers,  especially  as  myocardiograph  tracings 
demonstrate  this  action  so  clearly. 

It  is  generally  recognized  that  the  mammalian  heart  reacts  to 
drugs  and  poisons  in  much  the  same  manner  as  does  the  heart  of  cold- 

a Evans,  Therap.  Gazette,  1887,  XI,  237. 

6 Lepine,  Rev.  de  Med.,  Par.,  1887,  VII,  310. 

cHare,  Therap.  Gazette,  1887,  XI,  382. 

Osier,  Ibid.,  165. 

« Weil,  Paris  Thesis,  1887,  De  la  Acetanilide. 
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blooded  animals.  This  reaction  is  entirely  qiialitatire  and,  aside 
from  differences  due  to  variation  in  the  action  of  the  vagi,  is  always 
very  uniform.  In  estimating  the  effects  of  a drug  upon  the  human 
heart,  however,  it  is  preferable  to  experiment  upon  warm-blooded 
animals,  and  to  choose  those  in  which  the  vagus  action  is  weU  devel- 
oped. In  this  way  the  experimental  data  may  be  said  to  represent 
not  only  the  qualitative  but  also  quite  closely  the  quantitative 
effects  in  man.  Therefore,  to  check  the  residts  obtained  by  per- 
fusing the  frog's  heart  with  acetanihde  and  with  mixtiues  of  acet- 
anilide and  other  drugs,  a series  of  experiments  were  carried  out, 
using  dogs  as  experimental  animals.  These  animals  were  anaesthe- 
tized by  giviug  hypodermic  injections  of  morphine  sulphate,  0.010 
gram  per  kilogram  body  weight,  and  this  was  followed  in  the  coiuse 
of  a half  hour  to  an  hoiu  by  chloretone,  O.ISO  gram  per  kilogram 
dissolved  in  a small  amoimt  of  alcohol  (1  gram  chloretone  to  2 c.  c.  95 
per  cent  alcohol),  which,  after  dilution  with  a small  amount  of  water, 
was  introduced  into  the  stomach  by  means  of  a stomach  tube.  Fol- 
lowing the  appearance  of  complete  anesthesia  a tracheal  cannula  was 
introduced  to  provide  for  artiffcial  respiration,  the  air  being  properly 
warmed  by  passing  it  through  a cod  submerged  in  hot  water.  The 
heart  was  then  exposed  by  a median  incision  reaching  to  the  dia- 
phragm, the  pericardial  sac  removed,  and  the  ventricle  attached  to  a 
modified  form  of  the  Roy-Adami  myocardiograph.  Blood  pressiue 
tracings  from  the  carotid  were  also  taken,  using  the  ordinary  mer- 
ciuy  manometer  to  record  the  changes  in  pressiue  produced  by  the 
drug,  Canmdse  were  placed  in  both  the  right  and  left  saphenous 
veins — one  for  the  injection  of  the  acetardlide.the  other  for  the  injec- 
tion of  the  caffeine  citrate  or  sodium  bicarbonate^  which  was  used 
to  determine  if  there  were  any  antagonism  between  these  drugs  and 
acetanihde. 

Acetanilide  is  so  slightly  soluble  in  physiological  salt  solution  that 
it  was  necessary  to  inject  it  as  an  emulsion.  This  was  formed  with 
mucilage  of  acacia,  the  amoimt  used  being  as  small  as  possible,  and 
then  chluted  with  salt  solution.  To  insiue  uniformity  of  dosage  i 
the  emulsion  was  thoroughly  shaken  before  each  injection,  since  the  j 
suspension  of  the  acetanilide  was  only  temporary. 

Injections  of  small  amoimts  (0.200  to  0.600  gram)  of  acetanilide 
was  usually  fohowed  by  a momentary  increase  in  the  strength  of  the  ! 
heart,  the  systohc  phase  being  more  complete  and  the  relaxation 
only  shghtly  lessened.  This  effect  lasted  for  a few  seconds  only  and  j" 
was  succeeded  by  a rapid  and  marked  decrease  in  efficiency,  the 
contractions  growing  cpiickly  less  complete,  while  the  relaxations 
were  scarcely  affected  at  aU.  In  some  instances  the  amplitude 
(efficiency  (?))  was  slightly  greater  after  recovery  from  or  as  a late 
effect  of  the  drug.  As  in  the  case  of  the  perfusion  experiments  it 
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was  also  noted  that  following  the  primary  injection  the  later  injec- 
tions caused  much  less  weakening  of  the  heart.  For  example,  a 
preliminary  dose  of  1 gram  lessened  the  amplitude  70  millimeters,  a 


second  injection  only  38,  a third  injection  of  1.5  grams  36,  and  a 
fourth  also  of  1.5  grams  only  8.  Figure  No.  1 is  given  to  illustrate 
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the  deleterious  effect  on  the  dog’s  heart  produced  by  a 1-gram  dose 
of  acetanilide. 

The  gradual  decrease  in  the  action  of  acetanilide  makes  the  deter- 
mination of  possible  antagonistic  effects  of  caffeine  and  sodium 
bicarbonate  somewhat  difficult.  As  has  been  noted,  the  effect  of 


acetanilide  is  to  lessen  the  contractile  power  of  the  heart,  and  caffeine 
should  prevent  this  symptom  if  it  acted  as  an  antagonist.  A mix- 
ture of  the  two  drugs  was  injected,  but  in  no  case  was  the  decrease 
in  the  systolic  phase  prevented — whether  it  may  have  been  less 
pronounced  is  of  course  difficult  to  determine  since,  as  has  been 
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noted,  the  effect  of  the  poison  appears  to  become  less  at  subsequent 
injections.  This  is  well  illustrated  by  the  tracings  given  in  figures 
2 and  3. 

Figure  No.  2 shows  the  effect  after  0.600  gram  acetanilide  and 
0.200  gram  caffeine  citrate  had  been  injected  into  the  saphenous 


vein;  figure  No.  3,  the  effect  after  an  injection  of  0.600  gram  acetani- 
lide, this  tracing  immediately  following  that  given  in  figure  2.  It 
may  also  be  inquired  whether  the  caffeine  is  not  responsible  for  the 
greater  weakening  shown  in  figure  2 ; but  this  is  not  likely,  judging 
from  other  experiments  where  the  reverse  order  of  injection  was  used. 
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Wlien  the  caffeine  acetanilide  mixture  followed  the  plain  acetanilide 
the  effect  of  the  combined  drugs  was  less  instead  of  greater  as  in  the 
above  case.  Usually  the  heart  does  not  become  accustomed  to  the 
poison  quite  so  quickly  as  in  this  instance,  animals  differing  very 
widely  in  this  respect. 


Further  experiments  were  carried  out  in  which  caffeine  citrate 
was  injected  as  soon  as  the  acetanilide  effect  became  pronounced. 
In  some  instances  this  procedure  showed  a possible  slight  increased 
contraction  coincident  with  the  caffeine  injection,  but  almost  equally 
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often  such  an  injection  of  caffeine  was  fol- 
lowed by  a decrease  in  the  completeness  of 
systole.  In  other  cases  there  was  a mo- 
mentary slight  increase  in  strength  followed 
by  a short  decrease  immediately  following 
the  caffeine  injection.  This  is  illustrated  by 
figure  4. 

No  increase  in  heart  rate  was  observed  fol- 
lowing the  injection  of  acetanilide  in  the 
doses  used  in  these  experiments.  On  the 
other  hand,  there  was  generally  a decrease  of 
from  10  to  20  beats  per  minute,  the  slowing 
evidently  being  due  to  a direct  action  on  the 
heart  muscle,  since  paralysis  of  the  vagi  by 
atropine  did  not  prevent  it.  As  regards  the 
rate,  caffeine  proved  to  be  completely  antago- 
nistic, when  injected  at  the  same  time  usually 
preventing  any  slowing  and  when  injected 
subsequent  to  an  injection  of  acetanilide 
causing  the  heart  rate  to  return  at  once  to 
the  normal  or  in  some  cases  to  a rate  more 
rapid  than  normal. 

There  is  a marked  fall  in  blood  pressure  im- 
mediately following  the  injection  of  acetani- 
lide, which  is  probably  due  in  a great  measure 
to  the  lessened  efficiency  of  the  heart.  The  m- 
jectionof  caffeine,  although  restoring  the  rate 
to  normal,  has  hardly  any  effect  upon  the 
blood-pressure  curve  after  injections  of  ace- 
tanilide. In  general,  there  is  a slight  up- 
ward tendency,  but  in  certain  instances  caf- 
feine seemed  to  check  the  return  to  normal, 
agreeing  in  this  respect  to  the  occasional  ten- 
dency of  caffeine  to  lessen  the  completeness  of 
the  heart’s  contraction.  Figure  5 illustrates 
the  lack  of  antagonism  between  caffeine  and 
acetanilide  upon  the  blood  pressure. 

Sodium  bicarbonate  was  used  to  antagonize 
the  action  of  acetanilide  only  after  the  heart 
had  become  seriously  poisoned.  The  immedi- 
ate effect  of  large  doses  (2  grams)  was  to 
slightly  increase  the  depression  as  marked  by 
the  systolic  phase.  This  was  quickly  fol- 
lowed, however,  by  a rather  marked  and 
prolonged  increase  in  the  contractile  power  of 
the  ventricle,  as  is  shown  by  the  nearer  ap- 
proach of  the  writing  lever  to  the  base  line 


Fig.  5.— Blood  pressure  tracing  taken  from  tlie  carotid  of  dog.  Note  especially  the  secondary  fall  immediately  following  the  injection  of  0.075  gram  call’eine  citrate.  0.500  gram 

acetanilide  injected  at  A. 
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in  Figure  6.  Note  also  the  great  dilation  of  the  heart  as  a late 
effect  of  acetanilide  poisoning,  both  diastole  and  systole  being 
much  less  complete  as  compared  with  the  normal,  a portion  of 
which  is  also  included  in  the  cut. 

DETERMINATION  OF  GENERAL  TOXIC  ACTION. 


In  view  of  the  fact  that  the  cases  of  acetanilide  poisoning  are  due 
to  an  involvement  of  all  the  vital  organs  of  the  body  and  not  on 


account  of  its  heart  action  alone,  a series  of  experiments  was  carried 
out  to  determine  what  modification  of  the  general  toxicity  could  be 
secured  by  administering  it  to  intact  animals  with  the  drugs  com- 
monly found  in  acetanilide  mixtures.  In  these  experiments  the 
drugs  were  administered  to  white  mice  by  hypodermic  injection  and 
to  mice  and  guinea  pigs  by  the  stomach. 


27 


In  the  first  series  of  experiments  acetanilide  and  an  acetanilide- 
caffeine  mixture  were  given  to  white  mice  by  hypodermic  injection. 
The  mice  were  obtained  from  the  same  lot  for  each  series  of  experi- 
ments and  after  being  weighed  they  were  placed  in  separate  jars 
and  the  dose  calculated  in  terms  of  grams  of  body  weight.  Ace- 
tanilide is  so  slightly  soluble  in  water  that  it  was  found  necessary  to 
dissolve  it  in  dilute  alcohol  (55  per  cent)  in  order  to  make  the  hypo- 
dermic method  available.  This  unfortunately  introduces  an  addi- 
tional factor,  and  to  lessen  the  amount  of  alcohol  injected  as  far  as 
possible  a supersaturated  solution  (at  ordinary  temperature)  was 
formed,  each  cubic  centimeter  of  the  solution  representing  200  milli- 
grams of  the  drug.  It  was  necessary  to  heat  the  solution  to  about 
40°  before  the  injections  were  made,  and  to  prevent  precipitation 
when  dravm  up  in  the  syringe  the  latter  was  also  kept  in  a warm 
place  and  the  injection  under  the  loose  skin  of  the  back  made  as 
cpiickly  as  possible.  The  minimum  lethal  dose  of  acetanilide  when 
given  in  this  way  was  found  to  be  0.0013  gram  per  gram  of  body 
weight.  In  control  mice  somewhat  more  than  double  the  amount  of 
alcohol  was  just  sufficient  to  cause  death,  showing  that  the  poisonous 
action  of  acetanilide  was  the  principal  toxic  agent,  although  its 
effects  were  possibA  modified  to  some  extent  by  the  solvent.  The 
following  table  (Table  Till)  gives  the  result  of  a determinative  series 
of  experiments: 


Table  YIII. — Determination  of  the  minimum  lethal  dose  of  acetanilide  for  u'hite  mice, 
hypodermic  injection.  Dose  given  represents  grams  of  drug  per  gram  body  iceight. 

[— =survived.;  +=deatli.] 


Weight 
in  grams. 

Dose  per 
gram  body 
■weight. 

Result. 

Hours 

till 

death. 

Series  I . . . 

15. 12 

0. 0010 

16.10 

.0012 

_ 

14.41 

.0014 

+ 

23 

Series  II 

24. 18 

.0011 



19.24 

.0012 

-f- 

26 

23.66 

.0013 

25 

Series  III  - . 

17. 45 

.0012 

1 

18.96 

.0012 

_ 

14.32 

.0013 

i 

30 

15.  92 

.0013 

+ 1 

14 

2S 


As  a means  of  control  the  following  experiments  were  carried  out 
to  determine  the  fatal  dose  of  55  per  cent  alcohol: 

Txble  IX. — Ddurmmation  of  mmimum  Jdhal  dcm  of  65  per  cent  aJeohol  for  trMte  mite. 
Dose  ealmlaied  in  terms  of  grams  of  aeetanUide  for  sate  of  torn  par ison. 
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The  minimum  lethal  dose  for  caheine  citrate  was  determined  in 
the  same  manner,  excepting  that  the  drug  was  dissolved  in  physio- 
logical salt  solution.  The  dc^e  just  stifficient  to  cause  death  was 
found  to  be  0.0007  gram. 

The  results  of  this  series  of  experiments  are  fotmd  in  Table  X. 

Table  X.- — Determination  of  the  minimum  lethal  dose  of  eamine  citrate  for  white  mice. 

hypodermic  injection. 
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Having  thus  determined  the  minimum  fatal  dose  for  acetanilide 
and  caiieine  citrate,  both  drugs  were  mixed  in  Viirying  proportions, 
dissolved  in  55  per  cent  alcohol,  and  injected  in  the  manner  as  in  the 
previous  experiments.  A series  of  mice  were  injected  with  mix- 
tures containing  0.0012  of  acetanilide  and  0.0001  and  0.0002  gram 
of  caSeine  per  gram  of  body  weight,  but  this  dosage  proved  to  be 
invariably  fatal,  thus  proving  the  absence  of  any  antidotal  proper- 
ties for  caheine  in  the  above  amounts.  A further  series  of  experi- 
ments was  then  carried  out.  using  smaller  amounts  of  acetanihde  to 
determine  whether  the  effect  might  not  represent  a summation  of  the 
tr.xic  action  of  the  two  drugs.  In  estimating  the  doses  to  be  given 
the  fatal  doses  of  each  drug,  as  already  determined,  were  added 


29 


together,  it  being  believed  that  if  there  were  a decrease  in  toxicity 
the  half  of  this  sum  or  any  proportion  representing  half  this  sum 
would  surely  not  cause  death.  The  sum  of  the  minimum  fatal  doses 
being  0.0020,  the  initial  doses  were  estimated  as  about  one-half  of 
this  amount,  or  0.0010.  But  when  given  in  proportions  the  sum  of 
which  equaled  0.0010  the  mixture  also  proved  fatal,  showing  not 
only  no  antagonism  but  a summation  effect  even.  Further  experi- 
ments were  then  carried  out  in  which  smaller  amounts  than  half  the 
sums  of  the  minimum  lethal  doses  were  injected.  Likewise  these 
doses,  even  when  slightly  less  than  half  the  amount  of  the  minimum 
lethal  dose,  always  proved  fatal,  thus  indicating  more  emphaticalty 
not  only  a summation  effect  in  the  toxic  action  of  the  two  drugs  but 
even  some  sjmergistic  action.  The  time  after  the  injections  were 
made  until  death  of  the  animal  was  also  shorter,  and  this  served  as 
further  proof  of  an  increased  toxicity.  Some  of  the  results  obtained 
in  these  experiments  are  given  in  Table  XI. 


Table  XI. — Determination  of  the  minimum  lethal  dose  for  mice  of  mixtures  of  acetanilide 
and  caffeine  citrate,  hypodermic  injection. 


[— =survived;  + = death;  A=  acetanilide,  and  C=cafCeine  citrate.] 


Dose  per 

Hours 

Weight. 

gram  body 

Result. 

till 

weight. 

death. 

17.  51 

f A 0.  0006 

\ - 

\ C . 0001 

/ 

14. 15 

/ A . 0006 
\ C . 0002 

i - 

- 

i 

16. 01 

f A . 0007 

\ C . 0001 

/ 

12.  77 

1 A . 0007 
1 C . 0002 

} - 

7.  30 

12.  96 

J A . 0007 
\ C . 0002 

} - 

9.  00 

14.  62 

1 A . 0008 
1 C . 0001 

} - 

4.50  ^ 

12.  55 

I A . 0008 
1 C . 0001 

} - 

2.30  1 

14.  34 

/ A . 0009 
\ C . 0001 

} - 

3.37 

20.  83 

1 A . 0009 
\ C . 0001 

) - 

3. 12 

16.  73 

/ A . 0007 
\ C . 0003 

} - 

9.  52 

15.  04 

J A . 0007 
\ C . 0004 

} - 

4.  40 

15.73 

/ A . 0009 
\ C . 0002 

} + 

4.  49 

14.  56 

/ A . 0009 
\ C . 0002 

} - 

2.  20 

FEEDING  EXPERIMENTS. 

The  hypodermic  method  of  administering  the  antipyretics  is 
rarely,  if  ever,  used,  at  least  in  recent  years,  in  the  therapeutic  appli- 
cation of  these  drugs.  In  order,  therefore,  to  carry  out  experiments 
more  closely  simulating  the  ordinary  methods  of  giving  them,  a 
series  of  feeding  experiments  was  planned,  using  white  mice  and 
guinea  pigs  as  experimental  animals.  In  all  cases  the  animals  for 
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the  same  series  were  taken  from  the  same  lot  and  kept  under  the 
same  conditions  to  lessen  the  chances  for  the  individual  variation 
in  results. 

The  mice  were  weighed,  placed  in  separate  jars,  and  fed  according 
to  the  method  of  Ehrlich  upon  cakes  made  up  with  cracker  meal  to 
which  the  drug  or  mixtme  of  drugs  to  be  tested  had  been  added. 
Each  cake  represented  4 grams  of  the  meal  and  constituted  the 
daily  ration  for  each  mouse.  Because  the  whole  cake  was  not 
always  eaten  entirely  up,  the  daily  amount  of  drug  ingested  neces- 
sarily varied  to  some  extent,  being  somewhat  less  than  the  amount 
computed  as  the  daily  dose.  In  some  cases,  too,  the  death  of  the 
animal  was  probably  only  in  part  due  to  the  toxic  action  of  the  drugs, 
in  part  to  a dislike  for  the  medicated  cakes,  and  consequent  partial 
starvation.  To  lessen  the  chances  for  error  from  this  cause  and 
from  individual  variations  in  the  susceptibility  of  the  mice,  etc.,  a 
number  of  different  combinations  of  the  drugs  were  fed  and  several 
series  of  mice  (in  different  series  mice  of  different  lots  but  always 
of  the  same  lot  for  the  same  series)  were  used  in  testing  the  various 
combinations. 

Control  experiments  were  always  carried  out  for  each  series.  In 
the  first  series  unmedicated  cakes  were  used  as  well  as  cakes  con- 
taining the  drugs  which  are  commonly  found  in  the  ordinary  type 
of  acetanilide  mixtures.  In  the  later  experiments  the  control  with 
plain  cakes  was  omitted  as  unnecessary,  since  the  controls  using  the 
drugs  exhibited  in  the  above  mixtures  usually  lived  as  long  or 
approximately  as  long  as  the  mice  fed  upon  plain  cakes,  the  controls 
with  acetanilide  being  an  exception.  In  certain  cases  three  different 
drugs  were  mixed  together  and  fed,  but  usually  the  simpler  com- 
bination of  acetanilide  with  only  one  other  drug  was  used.  Caffeine 
and  sodium  bicarbonate,  the  two  drugs  most  commonly  exhibited 
with  acetanilide,  were  fed  to  a gveater  number  of  mice  than  the 
drugs  appearing  less  frequently.  The  controls  of  caffeine  were  fed 
0.040  gram,  an  amount  from  two  to  four  times  that  used  in  the 
mixtures  of  this  drug  with  acetanilide,  although  even  in  the  above 
amount  it  appeared  practically  nontoxic,  the  controls  living  about 
the  same  time  as  the  mice  receiving  plain  cakes. 

Toxicity  of  acetanilide-caffeine  mixtures. — In  the  experiments 
recorded  below  white  mice  were  fed  on  unmedicated  cakes,  on 
cakes  containing  acetanilide,  caffeine,  and  a mixture  of  acetanilide 
and  caffeine. 

The  three  tables  which  follow  show  the  results  of  feeding  experi- 
ments carried  out  as  controls  to  other  experiments  in  which  a mixture 
of  caffeine  citrate  and  acetanilide  was  used: 
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Series  I. — Controls. 

[Plain  cakes;  Feeding  mice  unmedicated  cakes  (4  grams  cracker  dust  to  4 parts  water,  dried  at  50-60°  C.)-] 


Weight  of  mice  in  grams. 


Date. 


1908. 


2.  3. 


December  3..  . 

20. 38 

18. 04 

December  7 

19. 76 

16. 95 

December  11 

19. 75 

16.  38 

December  18 

18.  50 

16. 02 

December  23 

18.14 

15.52 

December  27 

16. 65 

14.  55 

December  30 

16. 28 

14.  01 

18.  40 
17.76 
17.  78 
17.  40 
17.24 
15. 87 
15.  47 


4. 


20. 94 
18.  64 
18.  29 
18.  53 
15. 12 
14.  00 
13.16 


January  4. 
January  7. 
January  11 
January  15 
January  19 
January  23 


1909. 


15. 02 


13.33 

13.60 

11.97 


14.  97 
14. 37 
14.  49 
14.  07 


14.  47 
13.  59 
12.  41 
12.23 
11.45 
11.40 


No.  1,  dead  January  7,  35  days;  No.  2,  dead  January  12,  40  days;  No.  3,  dead  January  18,  46  days; 
No.  4,  dead  January  25,  53  days. 

[Caffeine:  Feeding  mice  0.040  gram  caffeine  citrate  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1908. 

December  3 

14. 78 

18.  48 

17.  50 

22. 88 

December  7 

13.12 

17. 32 

15. 06 

21.52 

December  11 

12. 62 

17.24 

14. 73 

19.81 

December  18 

11.45 

16.71 

13.  70 

20.05 

December  23 

12. 18 

17.15 

14.21 

20.  47 

December  27 

10.90 

15. 87 

13. 30 

20.82 

December  30 

11.68 

14. 51 

13. 76 

20. 26 

1909. 

January  4 

i 11.08 

14. 33 

13. 00 

19. 91 

January  7 

14.  51 

12.69 

15.60 

January  11 

13.  47 

12.  31 

15. 31 

January  15 

11.99 

11.99 

15. 20 

Januarv  19 

11.92 

15. 02 

Januarv  > 

14.  96 

i ; 

No.  1,  dead  January  7,  35  days;  No.  2,  dead  January  15,  43  days;  No.  3,  dead  January  16,  44  days; 
No.  4,  dead  January  23,  51  days. 

[Acetanilide:  Feeding  mice  0.050  gram  acetanilide  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1908. 

December  3 

December  5 

December  7 

20.13 

17.10 

17.38 

13.47 

11.57 

20.36 

16.  65 
17.15 

17.  96 

16.11 
14.20 
12. 39 
11.62 
11.16 
9.91 
10. 24 
9. 30 
8.  79 

December  9 

December  11..  

December  15 

December  19  

1 

December  21..  

December  23 - 

1 

i 1 

No.  1,  dead  December  6,  3 days;  No.  2,  dead  December  8,  5 days;  No.  3,  dead  December  10,  7 days; 
No,  4,  dead  December  23,  20  days. 
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Having  determined  the  period  which  mice  fed  on  the  simple  drugs, 
a series  of  mice  were  fed  upon  a mixture  of  these  drugs  with  the  fol- 
lowing results: 

Series  I. — Acetanilide-caffeine. 


[Feeding  mice  acetanilide  0.050  gram+cafieine  citrate  0.020  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

1 

2. 

3. 

4. 

1908. 

December  3 

14.71 

11.70 

15.42 

12.64 

11.75 

14.16 
11.97 
12.  50 

14. 20 
11.77 
12. 06 
11.51 

December  5 

December  7 : 

December  9 

No.  1,  dead  December  7,  4 days;  No.  2,  dead  December  8,  5 days;  No.  3,  dead  December  8,  5 days; 
No,  4,  dead  December  10,  7 days. 


A somewhat  decreased  toxicity  was  observed  when  smaller  amounts 
of  caffeine  were  given.  The  results  are  tabulated  below: 


[Feeding  mice  acetanilide  0.050  gram+caffeine  citrate  0.010  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1908. 

December  3 

16.29 

13.39 

16.  53 
13.71 
13. 09 

17.41 
14. 08 
13.  08 
11.00 

14. 42 
12. 25 
11.02 
9. 73 

December  5 

December  7 

December  9 

12.  79 

No.  1,  dead  December  7,  4 days;  No.  2,  dead  December  10,  7 days;  No.  3,  dead  December  10,  7 days; 
No.  4,  dead  December  11,  8 days. 


In  the  following  tables  are  given  the  results  of  a later  series  of 
experiments.  Control  mice  fed  caffeine  citrate  0.040  gram  lived  a 
somewhat  shorter  time  than  in  the  previous  series,  namely,  13,  34,35, 
and  40  days.  The  table  showing  this  control  may  be  omitted,  since 
the  relative  small  degree  of  toxicity  of  this  drug  in  this  dose  is  appa- 
rent in  the  above  figures.  The  protocols  of  control  mice  fed  on 
simple  acetanilide  cakes  and  mice  fed  on  a mixture  of  acetanilide 
and  caffeine  are  to  be  found  in  the  following  tables : 

Series  II. — Control:  Acetanilide. 

[Feeding  mice  acetanilide  0.050  gram  per  cake.] 


Date. 

Weight  of  mice  in  gram.s. 

1. 

2. 

3. 

4. 

1909. 

February  11  

18.34. 
15.  43 
13.  67 
14. 15 

20.  78 
17. 80 
15.  80 
14. 23 

18.  92 
15.  59 
14.  06 
13. 26 

20.  00 
17. 29 
14. 44 
12.  65 
10. 80 

February  13  • 

February  15  

February  17..  

Fp.brnnry  20 

No.  1,  dead  February  18,  7 days;  No.  2,  dead  February  IS,  7 days;  No.  3,  dead  February  19,  8 days; 
No.  4,  dead  February  21, 10  days. 
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Acetanilide-ca ffeine 


[Feeding  mice  acetanilide  0.050  gram+caffeine  citrate  0.020  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1909. 

February  11 ■ 

February  13 '. . 

20. 68 

16.68 
14.  00 
13.11 

22. 10 
17.  97 
18. 25 

26.26 
22.  78 
20. 52 

No.  1,  dead  February  13,  '2  days;  No.  2,  dead  February  16,  5 days;  No.  3,  dead  February  16,  5 days; 
No.  4,  dead  February  16,  5 days. 

A still  later  series  using  acetanilide  and  caffeine  mixtures  showed 
the  following  results.  The  caffeine  control  mice  lived  8,  34,  41,  and 
65  days. 

Series  III. — Control:  Acetanilide. 

[Feeding  mice  acetanilide  0.050  gram  per  cake.] 

i 

Date. 

1 

Weight  of  mice  in  grams. 

1.  ' 

2. 

3. 

18. 25 
16.61 
14.43 
13.32 

4. 

1909. 

March  6 ' 

March  8 

March  11 

March  13 , 

15.20 
13. 99 
11.96 

15. 28 
15. 12 
13.69 

15.08 
13.  23 
12.61 
11.94 

No.  1,  dead  March  12,  6 days;  No.  2,  dead  March  12,  6 days;  No.  3,  dead  March  14,  8 days;  No.  4,  dead 
March  14,  8 days. 

Acetanilide-ca ffeine . 


[Feeding  mice  acetanilide  0.050  gram -f  caffeine  citrate  0.020  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1909 

March  6 ‘ 

March  8 

March  11 

15.  95 
14.65 

13.44 

11.84 

15. 21 
14. 00 

15.88 

13.45 

12.19 

1 

i 

No.  1,  dead  March  9,  3 days;  No.  2,  dead  March  10,  4 days;  No.  3,  dead  March  11,  5 days;  No.  4,  dead 
March  13,  7 days. 


Another  lot  fed  smaller  amounts  of  caffeine  gave  results  as  follows: 


[Feeding  mice  acetanilide  0.050  gram+caffeine  citrate  0.010  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1909. 

March  6 

15.43 

14.78 

16.39 
14. 21 
13.  63 

14. 99 
13.  39 
12. 42 

16.02 

14.82 

14.10 

13.85 

March  8 

March  11 

March  13 . 

No.  1,  dead  March  10,  4 days;  No.  2,  dead  March  11,  5 days;  No.  3,  dead  March  12,  6 days;  No.  4,  dead 
March  15,  9 days. 


A summary  of  the  results  given  in  the  above  tables  is  given  here 
for  the  sake  of  comparison. 

176— Bull.  53—09 3 
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SUMMARY. 


Control.  Acetanilide  mixtures. 


Note. — The  figures  in  this  table  refer  to  the  number  of  days  from  the  beginning  of  the  experiment  until 
the  death  of  the  animal. 


As  will  be  noted,  the  figures  in  the  above  summary  show  that  mice 
fed  on  acetanihde  lived  almost  two  times  as  long  as  those  fed  on  a 
mixture  of  acetanihde  and  caffeine.  This  indicates  that  instead  of 
any  antagonism,  caffeine  markedly  increases  the  toxicity  of  acetani- 
lide when  given  to  white  mice  with  their  food,  although  caffeine  itself 
is  scarcely  toxic  at  all  even  when  given  in  doses  from  two  to  four  times 
greater. 

Unfortunately,  in  these  and  in  all  the  other  experiments  the  mice 
lost  weight  quite  rapidly,  so  that  starvation  may  be  argued  as  a 
partial  reason  for  the  animal’s  death.  This  seems  to  be  an  insufficient 
reason,  however,  as  there  is  no  relation  between  the  loss  in  weight 
and  the  death  of  the  animal,  some  decreasing  in  weight  as  much  as 
50  per  cent  before  death,  others  decreasing  only  10  to  20  per  cent. 
A more  important  argument  is  furnished  by  certain  experiments 
in  which  a record  was  kept  of  the  number  of  cakes  each  mouse  ate. 
Excepting  in  those  cases  where  the  animal  died  vdthin  the  first  two 
or  three  days,  there  was  approximately  the  same  average  amount 
of  cake  eaten  per  day,  whether  the  cakes  contained  acetanilide  alone 
or  a mixture  of  acetanilide  and  caffeine.  The  figures  covering  this 
point  are  as  follows:  Average  amount  of  cake  eaten  per  day — 
acetanilide,  0.51  per  cent;  of  mixture  containing  0.020  gram  caffeine 
citrate,  0.62  per  cent;  of  mixture  containing  0.010  gram  caffeine 
citrate,  0.69  per  cent.  In  other  words,  the  animal  eating  the  most 
cake  per  day,  grouping  the  mixtures  containing  caffeine,  died  in  the 
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shortest  length  of  time,  and  if  starvation  were  a factor  it  is  evident 
that  they  should  have  lived  the  greater  period  of  time. 

Again,  it  may  be  argued  that  death  naturally  resulted  more  quickly 
from  the  toxic  action  of  the  greater  amount  of  acetanilide  consumed 
by  those  mice  which  ate  the  most  cake.  But  the  figures  do  not  bear 
out  this  assumption.  In  the  first  place,  of  the  two  lots  receiving 
caffeine  that  receiving  the  smaller  amount  lived  the  longer,  and  yet 
this  lot  consumed  more  cake,  and  therefore  acetanilide  in  the  ratio  of 
62  to  69.  In  the  second  place,  the  length  of  time  until  death  of  the 
acetanilide  control  mice  and  the  acetanilide  mixture  (0.020  gram 
caffeine)  mice  are  not  in  even  an  approximate  ratio  to  the  amount 
of  cake  eaten:  Ratio  of  cake  eaten,  100  to  119;  ratio  of  days  until 
death,  100  to  166.  The  conclusion  seems  unavoidable,  therefore, 
that  caffeine  adds  to  the  toxicity  of  acetanilide. 

TOXICITY  OF  ACETANILIDE  AND  SODIUM  BICARBONATE 

MIXTURES. 

Other  experiments  were  carried  out  in  which  mice  were  fed  cakes 
containing  sodium  bicarbonate  mixed  with  acetanilide.  In  one 
series,  also,  caffeine  citrate  was  added  to  this  mixture,  giving  a com- 
pound acetanilide  powder  quite  closely  imitating  the  United  States 
pharmacopoeial  preparation  of  this  name.  Control  mice  were  given 
sodium  bicarbonate  0.020  gram  per  cake,  which  amount  showed  no 
toxic  properties.  Other  controls  fed  on  sodium  bicarbonate  0.020 
gram  plus  caffeine  citrate  0.020  gram  appeared  relatively  nontoxic, 
the  animals  living  for  25,  27,  35,  and  36  days.  The  other  controls  for 
this  series  of  experiments  have  already  been  given,  this  work  being 
carried  out  at  the  same  time  and  as  a part  of  the  series  already 
tabulated.  Accordingly  they  will  not  be  recorded  again,  the  only 
data  to  be  repeated  appearing  in  the  summary  of  the  following 
experiments : 


Series  I. — Acetanilide — caffeine — sodium  hi  carbonate. 

[Feeding  mice  acetanilide  0.050  gram  + caffeine  citrate  0.020  gram  + sodium  bicarbonate  0.020  gram  per 

cake.] 


Date. 

Weight  of  mice  in  grams. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

December  3 

Days. 
16.92 
13. 13 
12.39 
11.53 

Days. 
21.26 
17. 90 
14.58 

Davs. 

18. 15 

15. 15 
12.89 

Days. 

15.84 

15.50 

December  5 

December  7 

December  9 

No.  1,  dead  December  10,  7 days;  No.  2,  dead  December  9,  6 days;  No.  3,  dead  December  9,  6 days; 
No.  4,  dead  December  6,  3 days. 


The  following  table  gives  the  results  of  giving  smaller  amounts 
of  caffeine. 
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[Feeding  mice  acetanilide  0.050  gram  + caSeine  citrate  0.010  gram  + sodium  bicarbonate  0.020.] 


Weight  of  mice  in  grams. 

Date.  ^ ^ ^ 

> Xo.  1.  Xo.  2.  Xo.  3.  Xo.  4. 


Days.  Days.  Days.  Days. 

Decembers 16.39  16.16  14.92  18.40 

Decembero 14.06  : 13.47  12.06  

December? 13.48  12.44  11.86  

December  9 - 12.95  13.80  

December  13 13.65  

December  15 12.54  

December  17 13.57  


Xo.  1,  dead  December  17,  14  days;  Xo.  2,  dead  December  11,  8 days;  Xo.  3,  dead  December  9,  6 days; 
Xo.  4,  dead  December  5,  2 days*. 

In  a later  series  of  experiments  sodium  bicarbonate  was  mixed 
with  acetanilide,  the  caheine  being  omitted.  The  results  of  experi- 
ments of  this  sort  are  tabulated  below: 


Series  II  axd  IV. — Acetamlide  and  sodium  hicarhonaie. 
[Feeding  mice  acetanilide  0.050  gram  -f  sodium  bicarbonate  0.020  gram  per  cake.] 


Weight  of  mice  in  grams. 

Date.  

Xo.  1.  Xo.  2.  Xo.  3.  Xo.  4. 


1909.  Days.  Days.  Days.  Days. 

February  11 21.50  21.61  22.68  18.52 

February  13 18.50  18.23  20.10  16.02 

February  15 16.95  16.10,  16.84^  14.50 

February  17 15.90  14.71  1 15.42  j 13.46 

February20 14.50  13.80  ; ‘ 

March  15 1.5.82  17.58  17.30  i 19.18 

March  18 13.66  16.51  16.00  16.18 

March  20 12.03  14.10  13.73  13.82 

March  22 10.73  12.15  12.50  13.43 

March  24 10.70  11.44  11.50  

March  26 - 10.41  10.55  -..V 


Xo.  1,  dead  February  21,  10  days,  and  March  28,  13  days;  Xo.  2,  dead  February  21. 10  days,  and  March 
27,  12  days;  Xo.  3,  dea'd  February  20,  9 days,  and  March  25,  10  days;  Xo.  4,  dead  February  19,  8 days, 
and  March  24,  9 days. 

As  a control  for  Series  IT  mice  were  fed  on  acetanilide  0. 050  per 
cake  and  lived  for  7,  7,  9,  and  13  days,  respectively. 

To  determine  whether  a larger  amount  of  the  carbonates  would 
still  further  lessen  the  toxicity,  a series  of  mice  were  fed  cakes  each 
containing  0.040  gram  sodium  bicarbonate.  Again  this  mixture 
showed  the  antidotal  action  of  an  alkali  carbonate,  and  while  this 
is  somewhat  greater  with  the  increase  of  alkali  the  figures  do  not 
indicate  any  special  advantage.  The  averages  are  given  in  the  fol- 
lowing table: 


Series. 

Acetamhde  0.050. 

Acetanilide  0.050, 
XaHCOs  0.020. 

Acetamhde  0.050, 
XaHCOs  0.040. 

II^IV 

Days.  \ 

Day.3.  ( 

Days. 

8.50 

10. 10 

Adyantage  1.  CO 

m 

7.00 

8.  75 

Adyantage  1. 75 
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The  following  summaries  are  arranged  in  order  to  bring  the  results 
of  these  experiments  together  for  the  sake  of  comparison: 

SUMMARY. 


Series. 

Control. 

Acetanilide 

mixture. 

Caffeine  0.020, 
NaHCOs  0.020. 

Acetanilide  0.050. 

Acetanilide  0.050, 
NaHCOs  0.020. 

II i 

IV ' 

Average j 

Days. 

\ " 

\ 35 

[ 36 

|;;eeee; 

Days. 

7 

7 

8 

1 10 

7 
7 

i 9 

i 13 

Days. 

8 

9 

10 

10 

9 

10 

12 

13 

30.  75  : 

8.50 

10. 10 

comparing  the  results  as  given  in  the  above  summary  it  will 
be  noted  that  in  the  case  of  mice  sodium  bicarbonate  is  antagonistic 
to  acetanilide  to  a certain  degree  in  the  general  average  of  the  two 
series,  as  8.50  is  to  10.10.  This  same  antagonism  is  also  shown  in 
the  experiments  in  which  caffeine  was  also  a constituent  of  the 
mixture,  a summar}^  of  which  is  given  below: 


SUMMARY. 


Series. 

Control.  j 

Acetanilide  mixture. 

Acetanilide 

0.050. 

Acetanilide  0.050, 
caffeine  0.020. 

Acetanilide  0.050, 
caffeine  0.010. 

Acetanilide  0.050, 
caffeine  0.020, 
NaHCOs  0.020. 

Acetanilide  0.050, 
caffeine  0.010, 
NaHCOs  0.020. 

Days. 

Days. 

Days. 

1 Days. 

Days. 

4 

4 

! 3 

2 

T 

I 5 

5 

7 

i 6 

6 

i 

1 ^ 

5 

7 

I 6 

8 

1 20 

7 

8 

7 

14 

Average. . 

8.75 

5.  25 

6.  50 

5.  50 

7.50 

These  results  do  not  show  quite  so  marked  antagonism  between 
acetanilide  and  sodium  bicarbonate  as  is  shown  by  the  results  given  in 
the  preceding  summary.  Their  agreement  serves,  nevertheless,  as 
very  valuable  contributory  evidence  of  the  lessened  toxicity  of  a 
mixture  of  acetanilide  containing  sodium  bicarbonate.  It  will  be 
observed,  however,  that  despite  some  antidotal  action  this  is  still 
insufficient  to  make  acetanilide  mixtures  containing  caffeine  as  non- 
toxic as  those  which  omit  it  entirely.  This  is  illustrated  by  the 
following  data,  the  averages  of  series  No.  I,  II,  and  III: 


Acetanilide  0.05. 

Acetanilide  0.05, 
caffeine  0.02. 

Acetanilide  0.05, 
caffeine  0.02, 
NaHCOs  0.02. 

Acetanilide  0.05, 
NaHCOs  0.02. 

General  average 

7.91 

4.75 

5. 50 

10.10 
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This  may  be  represented  gTaphically  as  follows : 

The  degree  of  toxicity  being  represented  by  the  length  of  the  bars. 


Acetanilide, 
NaHCOs 


Acetanilide 


Acetanilide,  caf  fe- 
ine,  NaHCOa 

Acetanilide,  caffe- 
ine  
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TOXICITY  OF  ACETANILIDE  AND  THE  OPIUM  ALKALOIDS. 


Experiments  were  carried  out  upon  white  mice  to  determine  the 
toxicity  of  mixtures  composed  of  acetanihde  and  codeine  and  acetani- 
lide and  morphine.  Control  mice  were  fed  morphine  sulphate  0.002 
gram  per  cake  lived  20,  27,  36,  and  45  da^^s.  Controls  of  codeine-fed 
mice  lived  10,  29,  61,  and  65  days.  As  in  the  previous  experiments 
where  the  results  of  the  same  series  have  been  recorded,  the  acetani- 
lide controls  vdll  not  be  given  again  except  as  data  to  complete  the 
summary  of  these  experiments. 

Series  II. — Acetanilide- coddne. 

[Feeding  mice  acetanilide  0.050,  codeine  0.010  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1909. 

February  11 

22. 85 
20. 34 
18.  74 
16.  38 
16. 18 
14.  69 

15. 20 
12. 86 
10.  98 
9.59 
9. 36 

•17. 08 
14. 47 
14.  38 
12. 16 
11.74 

15.88 
13. 25 
11.31 
9.  30 
8.92 

February  13  

February  15 

February  17 

February  20 

February  24 

No.  1,  dead  February  26, 15  days;  Xo.  2,  dead  February  23, 12  days;  No.  3,  dead  February  21, 10  days; 
No.  4,  dead  February  21, 10  days. 

[Feeding  mice  acetanilide  0.050,  codeine  0.005  gram  per  cake.] 


Date. 

Weight  of  mice  in  grams. 

1. 

2. 

3. 

4. 

1909. 

February  11 

15. 48 
14.  55 
12.  02 
11.19 
10. 38 

19. 34 
16.63 
13.88 
11.93 
10. 48 

17.  06 
15.  42 
13.10 
12.  05 

14.  48 
13.62 
12. 34 

February  13 

February  15 

February  17  . 

February  20 

No.  1,  dead  February  21, 10  days;  No.  2,  dead  February  21,  10  days;  No.  3.  dead  February  20,  9 days; 
No.  4,  dead  February  16,  5 days. 


A summary  of  the  results  of  this  series  is  given  in  the  following 
table  to  make  the  comparison  of  the  toxicity  easier. 
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SUMMARY^ 


Series. 

Control. 

Acetanilide  mixtures. 

Codeine,  0.010. 

i 

Acetanilide,  0.050. 

j 

Acetanilide,  0.050, 
codeine,  0.005. 

Acetanilide,  0.050, 
codeine,  0.010. 

II 

Days. 

10 

I 29 

61 

i 65 

Days. 

7 

8 
10 

Days. 

5 

9 

10 

10 

Days. 

10 

10 

12 

15 

Average 

41.25  j 

8.00 

8.  50 

11.75 

The  data  shown  in  this  summary  indicates  that  codeine  is  anti- 
dotal to  the  general  toxic  effects  of  acetanilide.  This  result  was 
rather  unexpected,  but  the  fact  that  the  mice  receiving  the  larger 
dose  of  codeine  in  combination  with  acetanilide  lived  the  longer 
served  to  confirm  these  findings.  The  number  of  mice  fed  upon 
mixtures  of  this  sort  was  too  small  however  to  give  results  from 
which  to  draw  absolute  conclusions  and  accordingly  a further  series 
of  mice  were  fed,  using  heroine  and  morphine  in  addition  to  codeine. 
The  results  of  these  experiments  are  given  in  the  following  tables. 


Control « acetanilide. 

[Feeding  mice  acetanilide  0.050  gram  per  cake.] 


a The  control  mice  receiving  0.010  gram  codeine,  0.002  gram  morphine  sulphate,  and  0.00075  gram  heroine 
hydrochloride  are  still  alive  at  this  date  (April  29,  1909). 

No.  1,  dead  April  28, 11  days;  No.  2,  dead  April  27, 10  days;  No.  3,  dead  April  27, 10  days;  No.  4,  dead 
April  24,  7 days. 

In  the  following  table  the  protocols  of  mice  fed  upon  acetanilide 
and  codeine  are  given: 

Series  V. — Acetanilide-codeine. 

[Feeding  mice  acetanilide  0.050  gram  plus  codeine  0.010  gram  per  cake.] 


Weight  of  mice  in  grams. 


Date. 

1. 

2. 

3. 

4. 

1909. 

April  17 

17.73 
14.  75 
13.  45 
12.62 
10.  86 

20.  67 
16.  63 
15.  43 
14.24 

18.  57 
15.  71 
14.08 
12.28 

22.31 
17.85 
16.  76 

April  19 

April  21 

April  93  

April  26  

No.  1,  dead  April  27,  10  days;  No.  2,  dead  April  24,  7 days;  No.  3,  dead  April  23,  6 days;  No.  4,  dead 
April  23,  6 days. 


The  following  table  gives  the  results  of  feeding  mice  acetanihde 
0.050  plus  morphine  sulphate  0.002  gram  per  cake: 

AcetaniUde-morphine . 


Date. 

Weight  of  mice  in  grams. 

1- 

. ! 

3. 

4. 

19139 

Anril  17 

April  19 

April  2^ 

April  ;S 

IS.  23 
15.73 
1-5.29 
1A7S 

1S.C9 
1A92  i 
1-3.27 
12.12 

1A26  1 

1L23 
9.7S  ! 

16. 4S 
1 13.07 

12.30 

'So.  1.  dead  April  2-4.  7 days;  Ao.  2.  dead  April  24.  7 dairs;  Ao.  3.  dead  April  23.  6 days;  No.  4.  dead 
April  22,  5 days. 

Another  series  of  mice  were  fed  cakes  containing  a smaller  amount 
of  morphine,  with  the  following  results : 


Acefanilidf -morphine . 

[reeding  mice  ac-etanilide  0.0-50  gram  pins  0.001  gram  morpMne  snipliate  per  c-ake.] 


W eigliT  of  mice  in  grams. 


1. 

2. 

3. 

- 

l'A<9. 

April  '7 

1A53 

1AS9 

13.43 

15.  -52 

April  19 

12.22 

12.60  1 

12.43 

12.91 

April  2" 

12.22 

12.30 

U.44 

11.  OS 

Aprils 

12.16 

11-26 

10.16 

No.  i.  'dead  Apnl  2-5.  > -lays;  No.  2.  dead  April  2-5.  S -iairs;  No.  3.  dead  April  24.  7 'days;  No.  A dead 
April  23,  6 days. 


A series  of  mice  were  also  fed  acetanihde  0.050  gram  and  heroine 
0.00075  gram  per  cake  with  the  following  results; 

Acetan  Hide-heroine . 


Weight  of  mice  in  grams. 

Date.  : 

No.  1.  No.  2.  No.  3.  No.  4. 


19C». 


Apriil7.. 19.10  l-5.siS  17.10  1A32 

Aprill9... 16.75  13.69  14.37  i 12.53 

Ar-ril2I 15. -56  11.42  16.23  1 

ApriI23 lAOl  


No.  1.  ileaa  April  24.  . days:  No.  2.  dead  April  S,  6 'days:  No.  3,  dead  April  22.  3 days;  No.  4.  dead 
April  21. 4 (days. 


A second  series  of  mice  fed  upon  codeine,  acetanihde.  and  heroine 
and  morphine  gave  results  the  general  averages  of  which  are  as  fol- 
lows: Acetanihde  0.050  gram  and  codeine  0.010  gram,  hved  six  days: 
acetanihde  0.050  gram  and  morphine  0.002  gram,  three  days  : acetani- 
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lide  0.050  gram  and  heroine  0.00075  gram,  7 days.  These  results  are 
brought  together  in  the  following  summary  for  the  sake  of  comparison: 


Control. 

Acetanilide  mixture. 

Series. 

Acetanilide, 

Acetanilide  0.050, 

Acetanilide  0.050, 

Acetanilide  0.050, 

Acetanilide  0.050, 

0.050. 

morphine  0.002. 

morphine  0.001. 

codeine  0.010. 

heroine  0.00075. 

f 7 

5 

6 

6 

4 

10 

6 

7 

6 

5 

\ 

10 

7 

8 

7 

6 

1 11 

7 

8 

10 

7 

f 6 

3 

6 

6 

\7T 

] 9 

8 

5 

8 

Vi 

1 11 

10 

8 

8 

[ 11 

1 

J 

Average. . 

9.37 

6.57 

1 7.25 

6. 85 

6.  28 

As  will  be  noted,  the  figures  given  in  this  summary  do  not  confirm 
those  of  Series  III,  hut  show  exactly  the  opposite  effect,  the  toxicity 
of  acetanilide  being  increased  by  codeine,  heroine,  and  morphine.  The 
contributory  evidence  of  morpliine  and  heroine  is  of  special  value 
when  it  is  remembered  the  similarity  in  the  effects  produced  by  the 
drugs  of  the  opium  series  and  serves  to  substantiate  the  findings  with 
codeine.  The  much  larger  number  of  mice  and  the  uniformity  in  the 
results  of  both  Series  V and  VI  make  the  results  of  Series  III  prob- 
ably incorrect.  The  longer  life  of  acetanilide-codeine  mice  in  the 
earlier  series  is  probably  to  be  explained  by  some  external  variation 
in  the  condition  of  the  mice  which  escaped  the  notice  of  the  experi- 
menter.® 

The  results  of  these  experiments  indicate,  therefore,  that  the  tox- 
icity of  acetanilide  is  considerably  increased  when  combined  with  the 
above  opium  alkaloids. 

TOXICITY  OF  ACETANILIDE  AND  SALICYLIC  ACID. 

In  a series  of  experiments  mice  were  fed  on  cakes  each  containing 
0.050  gram  acetanilide  and  0.020  gram  salicylic  acid.  The  control 
mice  fed  on  acetanilide  alone,  0.050  gram  per  cake,  lived  7,  7,  8,  and 
10  days,  or  an  average  of  8 days.  The  mice  receiving  the  two  drugs 
mixed  in  the  above  proportions  lived  6,  7,  9,  and  10  days,  an  average 
of  8 days,^  or,  in  other  words,  lived  the  same  length  of  time  as  the 
acetanilide  controls.  Another  series  fed  on  slightly  larger  amounts 
of  salicylic  acid  (0.030  gram  with  acetanilide  0.050  gram  per  cake) 

a Mice  are  especially  sensitive  to  changes  in  temperature,  and  the  unusual  results 
of  this  series  may  be  explained  upon  these  grounds.  During  the  course  of  the  experi- 
ments the  mice  were  moved  into  a room  where  part  were  much  closer  to  a steam 
radiator  than  others,  and  it  is  very  likely  that  those  kept  in  the  warmest  position 
lived  the  longer. 

bThe  control  mice  fed  on  0.030  gram  salicylic  acid  lived  for  50,  62,  and  66  days. 
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lived  6,  6,  7,  10  days,  an  average  of  7.25  days.  The  control  mice 
fed  on  acetanilide  alone,  0.050  gram  per  cake,  lived  6,  6,  8,  and  8 
days,  an  average  of  7 days.  These  results  show  that  salicylic  acid 
neither  increases  nor  decreases  the  toxic  effect  of  acetanilide. 

TOXICITY  OF  ACETANILIDE  AND  SODIUM  BROMIDE. 

Mice  fed  upon  a mixture  of  acetanilide  0.050  and  sodium  bromide 
0.030  gram  per  cake  hved  approximately  as  long  as  the  control,  an 
average  of  8 days,  the  controls  an  average  of  8.25  days.  This  indi- 
cates no  alteration  in  toxicity. 

The  method  of  feeding  mice  upon  cakes  gives  the  results  from  long 
continued  use  of  a drug,  but  the  amount  taken  is  entirely  dependent 
upon  the  appetite  of  the  animal.  Therefore,  to  confirm  the  above 
residts,  to  make  more  certain  the  exact  amount  of  drug  given,  and 
to  test  the  action  of  acetanihde  mixtures  when  given  in  amounts 
sufficiently  large  to  produce  acute  poisoning,  the  following  experi- 
ments were  carried  out  upon  guinea  pigs.  These  animals  were  all  of 
about  the  same  weight,  obtained  from  the  same  lot,  and  were  kept 
under  the  same  conditions.  The  dose  was  estimated  per  gram  of 
body  weight,  each  dose  being  weighed  separately  and  made  into  pffis 
of  suitable  size  with  mucilage  of  acacia  and  arrow-root  starch.  These 
were  dried  until  a shght  crust  was  formed  on  the  outside  and  then 
fed  hi  such  a manner  that  none  of  the  drug  was  lost  during  adminis- 
tration. The  protocols  in  the  following  table  show  the  toxicity  of 
acetanilide  as  determined  by  this  method  of  administration: 

[Acetanilide  control:  Determination  of  the  minimum  lethal  dose  of  acetanilide  for  guinea  pigs.  — =sur- 

Tived;  A = death.] 


Weight 

in 

grams. 

Dose  per 
gram,  weight 
in  grams. 

Eesult. 

Hours 

tiU 

death. 

515 

0.  OOOS 

490 

.0010 

— 

500 

.0010 

450 

.0010 

__ 

500 

.0010 

— 

14 

465 

.0012 

— 

445 

.0012 

— 

422 

.0014 

-L 

lOi 

4S5 

.0014 

-r 

12 

406 

.0016 

9i 

465 

.0016 

fi- 

32 

402 

.0018 

4- 

12i 
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Control  experiments  with  caffeine  citrate  gave  the  following 
results : 


[CafEeme  control:  Determination  of  the  minimum  lethal  dose  of  caffeine  citrate  for  giimea  pigs.  — = 

survived;  +=  death.] 


Weight 

in 

grams. 

Dose  per 
gram  weight 
in  grams. 

Result. 

Hours 

till 

death. 

530 

0. 0003 

480 

.0004 

— 

495 

.0004 

j — 

405 

. 0004 

1 + 

16 

435 

.00045 

I 

415 

.0005 

— 

410 

.0005 

— 

565 

.0005 

+ 

15 

405 

.00055 

+ 

15 

415 

.0006 

+ 

In  like  manner  a series  of  guinea  pigs  were  given  pills  containing 
acetanilide  and  caffeine  citrate.  The  results  of  these  experiments  are 
tabulated  below: 

Acetanilide-caffeine  Determination  of  the  minimum  lethal 

dose  of  a mixture  of  acetanilide  and  caffeine  citrate. 


[— = survived;  +=  death;  A = acetanilide;  C=caffeine  citrate.] 


Weight 

Dose  per 

Hours- 

1 

gram  weight 

Result. 

till 

grams. 

in  grams. 

death. 

555 

f AO.  0006 

1 - 

\ C . 0002 
/ A . 0006 

i 

\ 

545 

\ C . 0003 

/ 

i 

580 

/ A . 0008 

\ C . 0002 

1 

520 

/ A . 0008 
\ C . 0003 

1 - 

600 

/ A . 0010 
\ C . 0002 

} - 

21 

380 

/ A . 0010 
\ C . 0002 

} - 

13 

460 

/ A . 0010 
\ C . 0003 

I - 

17 

350 

/ A . 0012 
\ C . 0002 

} - 

20 

425 

/ A . 0012 
\ C . 0003 

} - 

112 

385 

( A .0014 
\ C . 0002 

} - 

HlCi 

CO 

450 

J A . 0014 
\ C . 0003 

} - 

m 

The  minimum  lethal  dose  of  acetanilide  for  guinea  pigs  appears  by 
these  experiments  to  be  approximately  0.0013  gram  and  that  of 
caffeine  citrate  about  0.00055.  The  mixture  of  caffeine  (caffeine 
about  one-third  of  the  least  fatal  dose)  and  acetanilide  shows  an 
increased  toxicity,  a dose  of  0.0010  gram  acetanilide  in  a mixture 
with  caffeine  being  sufficient  to  invariably  cause  death  instead  of 
0.0013  gram  per  gram  of  body  weight,  as  is  the  case  when  given 
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alone.  These  results  serve  to  confirm  the  results  of  the  feeding 
experiments  upon  nfice  and  show  very  clearly  the  abs?nce  of  any 
antagonistic  action. 

TOXICITY  OF  ACETANILIDE  AND  SODIUM  BICARBONATE. 

Experiments  using  equal  parts  of  acetanilide  and  sodium  bicar- 
bonate were  carried  out  in  the  same  manner  as  the  above  experi- 
ments. The  animals  used  in  this  series  had  been  given  acetanihcLe 
a week  previously  and  had  apparently  recovered.  In  the  controls 
for  tins  series  a smaller  fatal  dose  showed  that  they  were  more 
susceptible^  however  , than  in  the  earher  experiments,  death  invariably 
resulting  from  0.0011  gram  per  gram  of  body  weight.  The  pigs 
receiving  the  mixture  containing  sodium  bicarbonate  were  somewhat 
more  resistant,  with  one  exception,  the  least  fatal  dose  appearing 
to  be  approximately  0.0014  gram  per  gram  of  body  weight,  thus  indi- 
cating that  the  carbonates  are  antagonistic  to  acetanilide  to  a certain 
extent.  These  experiments  are  tabulated  below. 


ACETANILIDE-SODIUM  BICARBONATE. 


[Deterrniiiation  of  The  lethal  dose  of  a mixture  of  acetanilide  and  sodium  hic-arbonate.  — = surrived; 
— = death;  A = acetanilide;  S = sodium  bicarbonate,] 


in  grams. 


365 


3S0 


340 


Dose  per 
gram  tteight 
in  grams. 

Eesult. 

Hours 

tUl 

death. 

/ 

A 0. 0010 

\ . 

36 

1 

s 

.0010 

J 

f 

A 

.0012 

s 

.0012 

i 

J 

A 

.0014 

i 

s 

.0014 

J 

A 

.0014 

1 

13-V 

i 

s 

.0014 

)' 

/ 

A 

.0015 

\ . 

4 

s 

.0015 

1 ^ 

OU 

4 

A 

.0016 

1 

74 

.0016 

f ■ 

The  lessened  toxicity  of  this  mixture  was  fimther  confirmed  by 
comparing  the  duration  of  hie  imder  the  same  dosage  either  of  the 
simple  remedy  or  the  mixture.  The  time  guinea  pigs  hved  after 
increasing  doses  of  acetanfiide  alone  was  20,  4f,  21,  9J,  44,  13,  and 
26|  hours.  Pigs  receiving  corresponding  doses  of  the  mixture  hved 
36.  134,  50,  7f . 134, 15,  and  18  hours.  The  sum  of  the  hours  of  dura- 
tion of  life  after  dosage  therefore  is  OOpg  for  the  simple  remedy:  153j 
hours  for  the  mixture.  Pather  httle  emphasis  is  intended  for  this 
point,  however,  because  of  the  great  irregularity  m the  time  the 
animals  hved,  as  will  be  noted  in  the  above  figures,  which  are  arranged 
in  order  of  the  increase  hi  amount  of  dmg  given. 


PART  II. 


THE  TOXICITY  OF  ANTIPYRINE  MIXTURES. 

Although  it  is  now  generally  recognized  that  antipyrine  is  less  toxic 
than  acetanilide®  it  has  never  been  so  popular  as  an  ingredient  of 
headache  mixtures.  It  is  occasionally  dispensed  with  other  drugs, 
however  (as  in  bromopyrine  for  example),  and  accordingly  a series 
of  experiments  were  made  to  determine  whether  these  altered  its 
toxicitv. 

ACTION  UPON  THE  FROG’S  HEART. 

The  method  used  to  determine  the  effect  of  antipyrine  and  mix- 
tures of  antipyrine  upon  the  frog’s  heart  was  the  same  as  that  described 
for  acetanilide,  page  13.  The  species  of  frog  and  the  various  precau- 
tions used  to  obtain  uniform  results  were  also  the  same. 

Although  affecting  the  frog’s  heart  when  perfused  through  it  in 
much  the  same  way  as  acetanilide,  antipyrine  is  much  less  toxic  to  it. 
This  ratio  is  about  1 to  6 or  7.  A 1 per  cent  solution  of  antipyrine 
usually  stopped  the  heart  at  once;  one-half  per  cent  solutions  de- 
creased the  rate  quite  markedly,  but  this  effect  was  far  more  pro- 
nounced immediately  after  the  introduction  of  the  drug.  Later  the 
heart  apparently  became  accustomed  to  the  poisonous  effects  and 
little  or  no  further  slowing  resulted,  while  in  some  cases  actual  increase 
in  rate  was  observed  after  the  primary  slowing,  a phenomenon  which 
was  also  present  after  acetanilide,  but  less  frequently.  Solutions  of 
0.8  per  cent  were  generally  found  to  be  strong  enough  to  cause  marked 
changes  and  only  occasionally  stop  the  heart  within  a short  time. 
This  latter  reaction  appeared  so  erratically,  however,  that  no  conclu- 
sions could  be  drawn  from  the  results  obtained.  In  one  case  the 
heart  might  continue  to  beat  for  a half  hour  or  more  after  the  primary 
slowing  with  absolutely  no  further  changes  in  rate.  In  other  instances 
in  experiments  carried  out  in  exactly  the  same  manner,  the  heart 
would  stop  as  soon  as  the  drug  reached  it,  a variability  in  action 
which  seems  to  be  somewhat  more  marked  with  this  drug  than  with 
acetanilide.  The  changes  in  output  were  also  similarly  irregular,  so 
that  any  conclusions  were  necessarily  indefinite. 

The  addition  of  caffeine  citrate  to  an  antipyrine  solution  caused  no 
material  change  in  the  course  of  the  poisoning,  especially  in  regard 
to  the  efficiency  of  the  heart.  The  primary  slowing  induced  by  0.8 
per  cent  solutions  of  antipyrine  was  not  prevented,  the  experiments 
indicating  on  the  other  hand  that  the  slowing  was  greater  from  the 
combined  action  of  the  two  drugs  than  from  antipyrine  alone.  This 
represents  the  general  result  from  a large  number  of  experiments, 
but  exceptions  occasionally  occurred. 

c^According  to  Cushny,  Pharmacology  and  Therapeutics,  1906,  p.  371,  antipyrine  is 
more  toxic  than  phenacetine  and  less  toxic  tha.i  acetanilide. 

(45) 
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The  amoimt  of  fluid  perfused  is  so  irregular  that  no  conclusions  can 
he  dra^m  from  changes  in  this  factor.  Experiments  illustrative  of 
these  changes  are  given  in  table  I. 

Table  I. — Perfusion  of  the  isolated  frog's  heart  with  antipyrine  and  with  antipyrine  and 
caffeine  citrate  in  Ringers  solution. 


Protocol  14. 


Protocol  17. 


Time. 


Rate. 


Output 

per 

o minutes. 


Time. 


Rate. 


Output 

per 

5 minutes. 


C.  c. 

C.  c. 

10.45 

39 

30 

9. 25  20 

35 

10.50 

38 

32 

9.30  18 

34 

-Autipyrme  0.8  per  cent 

9. 35  19 

34 

4-  caffeine  cent. 

Antipyrine  0.8  per  cent 

10.52 

19 

-i-  caffeine  j 

Der  cent. 

10.  55 

15 

17 

9.40  17 

25 

11.00 

16 

13 

9. 45  18 

24 

11.10 

20 

5 

9.50  13 

10 

11.30 

18 

6 

Antipyrine  0.8  per  cent. 

11.40 

19 

9 

9.55  17 

5 

Antipyrine  O.S  per  cent. 

10. 00  17 

4 

11.42 

21 

10. 10  18 

5 

11.45 

21 

10 

10.  53  Still  beating. 

11.50 

20 

9 

11.  55 

19 

10 

As  had  been  the  result  in  the  case  of  acetanihde  it  was  hoped  that 
more  dilute  solutions  of  the  drugs  might  give  more  definite  results. 
Accordingly  in  a series  of  experiments  the  perfusions  were  begun 
with  antipyrine  in  0.5  per  cent  solution^  and  after  sufficient  readings 
had  been  recorded  to  establish  a normal  a cafleine-antipyrine  solution 
was  turned  on.  It  was  shown  by  these  experiments  that  caffeine 
quite  consistently  lessened  the  toxic  effect  of  antipyrine  to  a slight 
‘extent,  although  occasional  exceptions  occurred.  The  protocols  in 
Table  II  fllustrate  the  results  obtained. 


Table  II. — Perfusion  of  the  isolated  frog's  heart  with  antipyrine  and  antipyrine-caffeine 
dissolved  in  Ringer’s  solution. 


Protocol  26. 

Protocol  29. 

Time. 

Rate. 

Output 

per 

5 minutes. 

Time. 

Rate. 

Output 

per 

5 minutes. 

C.  c. 

Antipyrine  0.5  per  cent. 

' 9. 55  25  53 

10. 00  22  51 

10. 05  22  46 

1 10.10  ; 22  45 

10.15  i 20  42 

Antipyrine  0.5  per  cent 
1 -i-  caffeine  per  cent. 

! 10.17  : 22  

i 10.20  : 23  45 

10.25  ' 22  44 

, 10.30  : 22  44 

! 10.35  20  44 

; 10. 40  19  41 

C.  c. 

AntipTTine  0.5  per  cent. 

3. 30  ■ 24  49 

3. 35  23  46 

3. 40  19  46 

3. 45  19  46 

Antipyrine  0.5  per  cent 
-i-  caffeine  per  cent. 

3. 47  23  

3. 50  24  56 

3. 55  19  52 
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The  use  of  sodium  bicarbonate®  has  been  suggested  to  relieve  the 
gastric  irritation  which  sometimes  follows  the  use  of  antipyrine. 
Accordingly  a series  of  perfusion  experiments  were  carried  out,  using 
sodium  bicarbonate  in  conjunction  with  antipyrine.  The  effect  was 
to  lessen  but  not  abolish  the  poisonous  action  of  antipyrine,  both  rate 
and  output  being  increased  to  a considerable  degree,  although  never 
to  normal.  The  following  protocols  illustrate  this  antagonism; 

Table  III. — Perfusion  of  the  isolated  frog’s  heart  with  antipyrine  and  with  antipyrine 
and  sodium  bicarbonate  in  Ringer’s  solution. 


Protocol  81. 

Protocol  85. 

Output 

Output 

Time. 

Rate. 

per 

Time. 

Rate. 

per 

5 minutes. 

5 minutes. 

C.  c. 

C.  c. 

10. 35 

35 

Antipyrine 

3.  20 

32 

Antipyrine 

0.8  per  cent. 

J per  cent. 

10.  40 

24 

20 

3.  50 

23 

26 

10.  45 

24 

13 

3.  53 

21 

27 

10.  50 

24 

8 

4.00 

21 

27 

Antipyrine  0.8 

per  cent 

Antipyrine  per  cent 

+ NaHCOs  4^  per  cent. 

+ NaHCOs  4x5  per  cent. 

10. 52 

28 

4.02 

24 

10.  53 

32 

4.  05 

22 

32 

10.  55 

25 

14 

4. 10 

19 

30 

11.00 

28 

17 

4.15 

20 

32 

11. 15 

27 

16 

4.  20 

21 

30 

Antipyrine  h per  cent. 

4. 22 

17 

4.  25 

16 

21 

4.  29 

0 

ACTION  ON  THE  MAMMALIAN  HEART. 

The  changes  in  the  dog’s  heart  induced  by  antipyrine  injections 
were  also  determined,  using  the  same  methods  as  for  acetanilide, 
except  that  the  perfect  solubility  of  antipyrine  made  its  injection  as 
an  emulsion  with  acacia  unnecessary.  As  in  the  perfusion  experi- 
ments upon  the  frog’s  heart,  antipyrine  was  found  to  be  very  much 
less  poisonous  to  the  dog’s  heart  than  acetanilide.  Small  doses 
(0.5  to  1 gram)  were  practically  devoid  of  any  depressant  action, 
and  a dose  of  0.500  gram  was  actually  stimulant,  increasing  the 
amplitude  15  millimeters  through  an  increase  in  the  completeness  of 
the  systole.  Doses  of  1 gram  also  increased  the  amount  of  contrac- 
tion, but  the  diastole  was  less  complete,  so  that  the  result  was  a 
slight  decrease  in  the  amplitude.  The  injections  of  still  larger 
amounts  produced  a very  definite  decrease  in  the  heart’s  action, 
but  the  change  was  not  at  all  comparable  to  the  depression  following 
acetanilide  in  the  same  dose.  Figure  7 is  given  to  show  the  stimu- 
lant action  of  1 gram  antipyrine  (compare  this  with  the  depressant 
action  of  1 gram  acetanilide.  (Fig.  1,  p.  21.) 


a Am.  J.  Pharm.,  1888,  XVIII,  180. 
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Antipyrine  in  500  milligram  doses  has  only  a slight  depressant 
action  on  the  heart  rate,  but  with  the  injection  of  larger  amounts  the 
slowmg  became  quite  pronounced.  The  blood  pressure  is  also  mark- 
edly affected,  being  lowered  to  such  a degree  that  neither  the  slowing 


nor  the  changes  in  the  efficiency  of  the  heart  afford  a sufficient 
reason  for  its  depression.  For  instance,  with  a lessened  amplitude  of 
3 millimeters  and  a decrease  in  rate  of  only  10  beats  per  minute, 
fhe  pressure  fall  after  an  injection  of  a 1 gram  dose  amounted  to  58 
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millimeters  mercury,  or  a fall  of  42  per  cent  (fig.  8).  The  obvious 
conclusion,  therefore,  is  that  antipyrine  either  depresses  the  vaso- 
motor center  or  dilates  the  peripheral  vessels  from  a local  action, 
and  both  factors  may  play  some  part  in  this  marked  fall  in  pressure. 
The  decrease  in  the  heart  rate  is  not  prevented  by  paralysis  of  the 
vagi,  and  would  be  due,  therefore,  to  a direct  depression  of  the 
heart  muscle. 

Caffeine  was  injected  coincident  with  and  also  subsequent  to  the 
injection  of  antipyrine,  but  appeared  to  he  devoid  of  any  antagonistic 
action  upon  either  the  depressant  effect  of  antipyrine  on  the  strength 
of  the  heart  or  upon  the  blood  pressure.  As  a matter  of  fact,  when 
caffeine  was  injected  at  the  time  when  the  heart  was  most  depressed 
or  just  beginning  to  recover  from  the  antip}^rine,  caffeine  appeared 
to  delay  the  recovery  or  to  cause  a secondary  weakening  in  both  the 
heart  strength  and  the  blood  pressure.  Some  antagonism  was  shown 
upon  the  heart  rate  which  was  restored  to  normal  by  the  caffeme 
injections. 

GENERAL  TOXIC  ACTION. 

The  general  toxic  effect  of  antipyrine  and  mixtures  containing 
antipyrine  when  given  hypodermicalty  to  mice  was  the  subject  of 
a further  series  of  experiments.  The  easy  solubility  of  antipyrine 
in  water  obviated  the  introduction  of  the  additional  factor,  alco- 
hol, into  the  problem,  as  in  the  case  of  acetanilide.  The  drug  was 
given  by  the  method  already  described  and  the  minimum  lethal 
dose  determined.  This  was  found  to  be  0.0010  gram,  wliich  amount 
caused  death  in  about  half  an  hour.  By  comparison,  it  will  be 
noted  that  this  is  not  only  a smaller  dose  than  was  required  in  the 
case  of  acetanilide,  but  also  that  the  time  the  animal  survived  was 
much  shorter.  The  reason  for  tliis  apparently  greater  toxicity  (upon 
the  frog’s  heart  about  seven  times  less  toxic)  when  compared  with 
acetanilide  is  probably  dependent  upon  the  relative  solubility  of  the 
two  drugs  in  the  fluids  of  the  tissues,  and  hence  upon  the  rate  of  their 
absorption.  Table  IV  gives  protocols  showing  the  determination  of 
the  minimum  lethal  dose  for  this  drug. 

Table  IV. — Minimum  lethal  dose  of  antipyrine  for  white  mice,  hypodermic  injection. 

[—  = survived;  += death.] 


! 

Weight. 

! 

Dose. 

Result. 

Minutes 
1 till  death. 

14.  33 

0.  0008 

20.  00 

. 0008 

— 

19.  70 

. 0009 

_ 

17. 17 

. 0010 

+ 

30 

19.  92 

.0010 

+ 

80 

15.  47 

.0011 

+ 

25 

18.  89 

. 0012 

+ 

35 

176— Bull.  53—09 4 


50 


51 


The  mice  being  of  the  same  lot  as  in  the  determination  of  the 
minimum  lethal  dose  for  caffeine,  this  was  not  redetermined  in  these 
experiments. 

The  experiments  ^\dth  acetanihde  and  caffeine  having  shown  no 
antagonistic  action,  the  experiments  using  a mixture  of  antipyrine 
and  caffeine  were  begun  with  relatively  small  doses.  Half  the  sums 
of  the  minimum  lethal  dose  for  each  drug  were  used  as  a basis  for 
estimating  the  probable  amomit  of  the  mixtiu'e  necessary  to  cause 
death.  Antipyrine  and  caffeine  were  given  in  varHng  proportions, 
except  that  the  relative  amount  of  antipmlne  was  always  the  greater. 
The  result  of  the  whole  series  was  to  show  that  the  two  drugs  were 
not  antagonistic,  death  resulting  invariably  from  half  the  sums  of 
the  doses  of  the  two  drugs,  and  when  exliibited  in  smaller  amoimts 
faihng  to  kill.  This  indicates  mere  summation,  but  no  s^mergistic 
action,  as  in  the  case  of  acetanihde-caffeine  mixtures.  Protocols 
taken  from  this  series  of  experiments  are  given  in  Table  Y. 

Table  V. — Determination  of  the  mimimum  lethal  dose  of  a mixture  of  antipyrine  and 
caffeine  citrate  for  white  mice,  hypodermic  injection. 

[— =siirvival;  + = death;  A=antipyrine;  C=caffeine.] 

Dose  per  i Hours 

Weight.  gram  body  ; Result.  till 
\reight. ' death. 


2. 50 
2.35 
16.10 


1.35 

2.47 

1.30 


13.49...  I 
15.  91...  / 


15.14... 


I 


A 0.  0007 
C .0001 
A .0007 
C .0001  f 
A .0007  ) ^ 

i C .0002  I ' 

f A .0008  \ ^ 

13.28....;  j.  + 

A .0008  \ 

C .0001  ( ' 

A .0006  \ 

C .0003  / ~ 

A .0006  \ , 

\ C .0003  ( ^ 

A .0006  \ , 

C .0003  f ^ 
A .0006  \ , 

\ C .0003  I 


13.17... 
16.  53... 


14.82... 


15.92... 


13.20... 


FEEDING  EXPERIMENTS. 

Guinea  pigs  were  given  a mixture  composed  of  antipyrme  and 
caffeine  citrate  to  determme  whether  any  modification  in  the  toxicity 
of  the  former  resulted.  The  method  used  was  practically  the  same 
as  that  used  in  the  experiments  on  acetanilide,  the  only  modification 
being  in  the  method  of  administration.  Since  both  drugs  are  easily 
soluble  in  water^  they  were  given  hi  solution  by  means  of  a stomach 
tube  (a  small  sized,  semielastic  urethral  catheter).  Xo  control  experi- 
ments were  carried  out  with  caffeine  citrate,  the  control  experiments 
of  the  acetanilide  series  serving  this  purpose,  as  the  animals  m both 
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cases  belonged  to  the  same  lot,  and  the  experiments  were  carried  out 
at  the  same  time.  Protocols  of  the  control  experiments  using  anti- 
p}uine  and  of  the  experiments  using  a mixture  of  antipvrine  and 
caffeine  citrate  are  given  in  the  tables  which  follow. 

Con  tro  I — a n tipyrine . 

[Detennination  of  the  minimum  lethal  dose  of  antipyxine  for  guinea  pigs.  — Survuved;  + death.] 


Weight 
in  grams. 

Dose  per 
gram. 

Result. 

Hours 

till 

death. 

1 46.5 

0. 0011 

1 415 

.0012  . 

' .345 

.0012 

395 

.0013 

: .380 

.0014 

-- 

7.30 

.365 

.0014 

U_ 

10.45 

4.35 

.0015 

— 

4.35 

.0015 

+ 

11.  45 

445 

.0016  ■ 

-j- 

12.  45 

470 

.0016 

-!- 

3.00 

A series  of  guinea  pigs  belonging  to  the  same  lot  were  given  a mix- 
ture of  antip}uine  and  caffeine  in  the  determination  of  the  least  fatal 
dose,  with  results  as  follows : 

[Antipyrihe  and  caffeine  mixture:  Determination  of  the  least  fatal  dose  of  a mixture  of  antipj*rine  and 
caffeine  citrate  for  guinea  pigs,  —survived;  death.] 


Estimating  the  minimum  lethal  dose  of  antip^'rine  for  guinea  pigs 
as  0.0014  gram  per  gram  body  weight,  the  experiments  with  a mixture 
of  antipyrine  and  caffeine  indicate  an  increased  toxicity  to  the  simple 
drug,  the  amount  of  antipyrine  producing  death  in  the  mixture  being 
0.0012  gram  per  gram  body  weight,  or  an  increased  toxicity  in  the 
inverse  ratio  of  12  to  14, 
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TOXICITY  OF  ANTIPYRINE  AND  SODIUM  BICARBONATE. 

Guinea  pigs  were  given  doses  of  equal  parts  of  antipyrine  and 
sodium  bicarbonate  to  see  whether  any  antagonism,  as  was  apparent 
in  the  case  of  acetanilide,  could  be  developed.  The  control  experi- 
ments using  antipyrine  alone  are  tabulated  on  the  preceding  page. 
No  controls  using  sodium  bicarbonate  were  thought  necessary  on 
account  of  its  nonpoisonous  character.  The  results  of  the  experi- 
ments using  the  mixture  of  antipyrine  and  sodium  bicarbonate  are 
tabulated  below. 

[Antipyrine  and  sodium  bicarbonate:  Determination  of  the  minimum  lethal  dose  for  guinea  pigs  of  a mix- 
ture of  antipyrine  and  sodium  bicarbonate.  —Survived;  + death;  A,  antipyrine;  S,  sodium  bicar- 
bonate.] 


! 

Weight 

Dose  per 

Result. 

Hours 

till 

in  grams. 

gram. 

death. 

315 

/ A 0.0012 

\ S .0012 

1 - 

/ 

1 _ 

365 

1 A .0012 

X S .0012 

/ 

485 

( A .0014  , 

\ S .0014  ! 

'}  + 

18 

420 

A .0014 
\ S .0014 

} - 

15 

445 

j A .0016 

1 S .0016 

} - 

9 

355 

/ A .0016 

\ S .0016 

il  + 

8 

These  protocols  indicate  that  a mixture  containing  sodium  bicar- 
bonate is  of  approximately  the  sam.e  toxicity  as  antipyrine  given 
alone,  the  minimum  lethal  dose  being  0.0014  gram  per  gram  body 
weight  in  each  case.  A lessened  toxicity  is  suggested  by  the  longer 
period  of  life  after  equivalent  doses  of  the  mixture,  but  at  best  this  is 
so  slight  as  to  be  almost  negligible. 

SALIPYRIN. 

Salipyrin,  a chemical  combination  of  antipyrine  and  salicylic  acid, 
was  made  the  subject  of  a further  series  of  experiments  in  order 
to  compare  its  toxicity  with  a simple  mixture  of  antipyrine  and  sali- 
cylic acid  when  given  in  the  same  proportions  as  occurs  in  the  chem- 
ical compound.  Special  interest  in  this  comparison  was  stimulated 
by  the  abstracts  and  reprints  sent  out  by  the  American  firm  selling 
this  product,  since  these  invariably  point  out  ids  nontoxic  character. 
These  may  be  abstracted  as  follows: 

Lohman®  reported  that  it  was  more  active  than  its  components 
and  was  free  from  the  secondary  action  so  often  observed  after  anti- 


a Lohman,  Deutsch.  med.  Ztg.,  1903,  XXIV,  1142. 
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pyrine.  Lubowski^  stated  that  there  was  complete  absence  of 
secondary  effects  such  as  are  common  when  its  components  are  used. 
According  to  Buettner^  the  dangerous  heart  effect  of  antipyrine  is 
avoided  by  its  administration  as  salipyrin.  Muhlbauer''  reported 
no  bad  effects  subsequent  to  a dose  of  1 0 grams  of  the  drug. 

In  entire  disagreement  to  these  reports  a large  number  of  others 
have  appeared  reporting  the  deleterious  effects  from  the  use  of  salipyrin 
even  in  small  doses.  The  symptoms  generally  present  were  various 
skin  eruptions,  burning  in  the  region  of  the  stomach,  profuse  sweating, 
dilated  pupils,  great  air  hunger,  marked  heart  distress,  and  fear  of 
impending  death.  In  Dumstrey’s  cases  these  symptoms  appeared 
after  1 gram  of  the  drug  had  been  taken. 

As  will  be  recognized,  these  are  the  ordinary  symptoms  associated 
with  antipyrine  or  with  salicylic  acid  poisoning,  and  they  certainly 
do  not  bear  out  the  statements  found  in  the  advertising  literature  as 
to  the  absence  of  toxic  and  secondary  symptoms.  From  the  com- 
paratively large  number  of  cases  of  poisoning  it  would  seem  probable 
also  that  the  salipyrin  was  fidly  as  toxic  as  a simple  mixture  of  its 
components.  Theoretically  also  this  would  seem  probable,  since  -.his 
compound  is  broken  up  in  the  body  into  its  constituents,^  and  it 
would  therefore  produce  an  effect  in  the  body  similar  to  that  of  the 
two  drugs  from  which  it  is  compounded. 

In  proof  of  this  pouit  the  following  experiments  were  carried  out  to 
determine  the  relative  toxic  values  for  animals  of  salipyrin  and  of  a 
mixture  composed  of  antipyrine  and  salicylic  acid  in  the  same  pro- 
portions as  occur  in  the  chemical  compound.  In  the  first  series  of 
experiments  the  drugs  were  injected  beneath  the  skin  of  the  back  of 
white  mice.  Mice  belonging  to  the  same  lot  and  kept  under  the  same 
conditions  were  weighed  and  the  dose  given  was  estimated  upon  the 
basis  of  grams  of  body  weight.  On  account  of  the  insolubility  of 
salip}win  and  sahcylic  acid  in  water  it  was  found  necessary  to  dissolve 
the  drugs  in  50  per  cent  alcohol  in  such  amounts  that  1 c.  c.  of  the 
solution  represented  100  milligrams  of  salipyrin  in  one  case  and  57.7 
milligrams  antipAwine  and  42.3  milligrams  of  salicylic  acid,  the  pro- 
portionate amount  of  these  drugs  entering  into  the  compound,  in  the 
other.  The  amount  of  alcohol  injected  in  this  way  is  so  small  that  the 
chief  symptom  from  it  was  merely  some  unsteadiness  in  the  animaks 

« Lubowski,  Allg.  med.  Centr.-Ztg.,  1903,  LXXII,  682. 

& Buettner,  Cor.  Bl.  f.-schweiz.  Aerzte,  1900,  XXX. 

c Mublbauer,  Wien.  med.  Wocbenschi-.,  1897,  XL VII,  196. 

<?Scbmey,  Therap.  Monatshefte,  1897,  XI,  175.  Dumstrey,  Deutsche  med.  Woch- 
enschr.,  1903,  XXIX,  461.  Dittmer,  Med.  Woche,  1903,  IV,  579.  Scharfe,  Therap. 
Monatshefte,  1903,  XVII,  163.  Bitter,  Berl.  klin.  Wochenschr..  1908,  XLV,  338. 

«CtLshny,  Pharmacology  and  Therapeutics,  1906,  p.  380. 
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movements.  After  about  twenty  minutes  this  was  followed  by  less- 
ened movements,  the  animal  sitting  quietly  and  acting  as  if  cold. 
The  fur  was  roughened  and  occasionally  slight  convulsions  appeared. 
Xo  difference  in  the  symptoms  of  poisoning  could  be  determined  in  the 
two  series  of  experiments.  The  toxicities  of  the  mixture  and  of  the 
compound,  salipyrin,  were  also  approximately  the  same  as  is  shown 
by  the  protocols  given  in  the  following  table: 

Series  I. 


[Effect  of  salipyrin  and  of  an  antipyrine-salicylic  acid  mixture  upon  white  mice,  hypodermic  injection.] 


Dose  per  gram 
body  weight, 
in' grams. 

Salipyrin, 

A. and  S. 
mixture. 

Hours  till 
death. 

Hours  till 
death. 

0. 0010 

0 

0 

.0011 

0 

3.39 

.0012 

2.33  1 

2.  47 

.0014 

1.25  ' 

1.03 

Series  II. 


Dose  per  gram 
body  weight, 
in  grams. 

Salipyrin. 

A. and  S. 
mixture. 

Hours  till 
death. 

Hours  till 
death. 

0. 0013 

2. 12 

1.44 

.0013 

2.  21 

2.  27 

.0013 

3.  02 

2^50 

Feeding  experiments  were  also  carried  out  to  determine  the  toxic 
effect  of  salipyrin  and  of  the  antipyrine-salicylic  acid  mixture  when 
given  in  a manner  more  closely  simulating  therapeutic  administration. 
Guinea  pigs  of  about  the  same  weight  and  belonging  to  the  same  lot 
were  used  in  the  first  series.  The  dose  was  estimated  per  gram  body 
weight,  each  dose  being  weighed  separately  and  made  up  into  pills 
of  suitable  size  and  then  fed  in  such  a manner  that  none  of  the  drug 
was  lost  in  their  administration.  The  results  of  the  first  series,  using 
0.0016  milligram  per  gram  body  weight,  indicated  that  salipyrin  was 
most  toxic,  two  pigs  receiving  salipyrin  dying  after  ten  and  twelve 
hours,  respectively.  Two  days  later  a second  dose  was  administered 
in  the  same  manner  to  the  surviving  animals,  using,  however,  0.0018 
milligram  of  the  combination  or  of  the  mixture  per  gram  body  weight. 
In  this  series  the  toxicities  appeared  to  be  approximately  the  same. 
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as  judged  by  the  time  the  animals  survived  the  introduction  of  the 
drug.  The  results  are  as  follows : 


Series  I. 


[Protocols  of  experiments  to  determine  relative  toxicity  of  saiipyrin  and  of  a mixture  of  antipyrine  and 
salicylic  acid  when  given  to  guinea  pigs  by  the  stomach.  — =survhed;  +=death.]  * 

[SaUpyrin.] 


Weight. 

Dose. 

Hours 

Ptesult.  till 

, death. 

620 

0. 0016 

+ 1 12 

480 

.0016 

+ 1 9 

470 

.0016 

— 

450 

.0016 

— ! 

430 

.0016 

— 

470 

.0016 

“ 

[Antipyrine  57.76 +salicy lie  acid  42.3  per  cent.] 


530 

0.0016 

470 

.0016 

610 

.0016 

490 

.0016 

Series  II. 


[Saiipyrin.] 


Weight. 

Dose. 

Result. 

Hours. 

till 

death. 

530 

0.0018 

+ 

3.30 

405 

.0018 

+ 

5 

410 

.0018 

+ 

6 

420 

.0018 

+ 

14 

[A.  and  S.  mixture.] 


455 

0.0018 

+ 

2.30 

405 

.0018 

+ 

3.30 

505 

.0018 

+ 

5 

430 

.0018 

+ 

26 

Feeding  experiments  were  carried  out  on  white  mice,  using  the 
method  already  described  for  acetanilide,  page  29.  Each  cake  con- 
tained 0.100  gram  saiipyrin  as  a control;  the  cakes  made  up  with  the 
simple  mixture  each  contained  0.0577  gram  antipyrine  and  0.0423 
gram  salicylic  acid.  In  other  words,  the  control  cakes  contained 
just  the  same  proportionate  amount  of  the  two  drugs  as  did  those 
containing  the  mixture. 

The  feeding  of  these  cakes  to  mice  obtained  from  the  same  lot  was  fol- 
lowed by  a slow  but  equal  decrease  in  weight,  and  the  duration  of  life  in 
the  case  of  the  mice  receiving  the  mixture  and  those  receiving  the  same 
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amount  of  drugs  chemically  combined  was  approximately  the  same. 
The  protocols  taken  from  these  experiments  are  as  follows: 


Control^  salipyrin. 


[Feeding  mice  salipyrin  0.100  gram  per  cake.  — = survived;  + = death.] 


Weight  of  mice,  in  grams. 


Date. 


1909. 

February  13 

February  17 

February  20 

February  24 

February  27 

narch  1 

ifarch  3 

March  6 

March  9 

March  11 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

19.84 

18.36 

18.08 

17.71 

19.19 

17.16 

16.70 

17.05 

20.12 

18.50 

18.  47 

16.76 

19.30 

17.74 

18. 08 

16.10 

18.89 

17.30 

16.99 

14.65 

17.  40 

16.34 

15.  45 

14.  30 

15.99 

15.19 

15. 23 

13.30 

13.95 

15.62 

14. 85 
15. 57 

14.76 

14.02 

14.14 

No.  1,  dead  March  2,  27  days;  No.  2,  dead  March  11,  26  days;  No.  3,  dead  March  7,  22  days;  No.  4,  dead 
March  6,  21  days. 


In  hke  manner  a series  of  mice  were  fed  upon  a mixture  of  anti- 
pyrine  and  sahcyhc  acid  given  in  the  same  proportions  in  which  they 
combine  and  form  sahpyrin.  The  results  of  these  experiments  are 
given  below. 

Antipyrine-salicylic  acid  mixture. 

[Feeding  mice  antipyrine,  0.0577  gram  plus  salicylic  acid  0.0423  gram  per  cake.] 


February  13. 
February  17. 
February  20. 
February  24. 
February  27. 

March  3 

March  6 

March  9 


Weight  of  mice,  in  grams. 


Date. 


No.  1.  No.  2.  No.  3.  No.  4. 


22.51 

19.  75 

16.15 

20.04 

21. 19 

18.  92 

15.71 

19.  70 

22.  09 

18. 46 

15. 81 

18.  30 

21.54 

16.  86 

14.50 

18.  38 

20.  34 

16.  01 

14. 40 

16.85 

18.  36 

14.28 

13.  39 

16.  30 

16.57 

13.48 

12.62 

16. 08 

13.92 

No.  1,  dead  March  10,  25  days;  No.  2,  dead  March  10, 25  days;  No.  3,  dead  March  7,  22  days;  No.  4,  dead 
March  5,  20  days. 


The  average  duration  of  hfe  for  mice  fed  sahpyrin  was  twenty-four 
days;  for  mice  receiving  the  mixture,  twenty-three  days — a differ- 
ence that  is  quite  neghgible  in  experiments  of  this  sort,  on  account  of 
the  small  toxic  action  of  the  drugs  used. 

In  conclusion,  it  may  be  said  that  the  results  of  the  whole  series  of 
experiments  indicate  no  change  in  the  toxicity  of  a mixture  of  anti- 
pyrine and  sahcyhc  acid  when  formed  into  a definite  compound  by 
chemical  means. 


LIST  OF  HYGIENIC  LABORATORY  BULLETINS  OF  THE  PUBLIC 
HEALTH  AND  MARINE-HOSPITAL  SERVICE. 


The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a new  laboratory  building,  located  in  Washington, 
was  authorized  by  act  of  Congress,  March  3,  1901, 

The  following  bulletins  [Bulls.  Nos.  1-7,  1900  to  1902,  Hyg.  Lab.,  U.  S.  Mar.-Hosp. 
Serv.,  Wash.]  have  been  issued: 

*No.  1. — Preliminary  note  on  the  viability  of  the  Bacillus  pestis.  By  M.  J.  Bosenau. 

No.  2. — Formalin  disinfection  of  baggage  without  apparatus.  By  M.  J.  Rosenau. 

*No.  3. — Sulphur  dioxid  as  a germicidal  agent.  By  H.  D.  Geddings. 

*No.  4. — Viability  of  the  Bacillus  pestis.  By  M.  J.  Rosenau. 

No.  5. — An  investigation  of  a pathogenic  microbe  (B.  typki  murium  Danyz)  applied 
to  the  destruction  of  rats.  By  M.  J.  Rosenau. 

*No.  6. — Disinfection  against  mosquitoes  with  formaldehyd  and  sulphur  dioxid. 
By  M.  J.  Rosenau. 

No.  7. — Laboratory"  technique:  Ring  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Grubbs  and  Edward  Francis;  Microphotography 
with  simple  apparatus,  by  H.  B.  Parker 

By  act  of  Congress  approved  July  1,  1902,  the  name  of  the  “United  States  Marine- 
Hospital  Service”  was  changed  to  the  “Public  Health  and  Marine-Hospital  Service  of 
the  United  States,”  and  three  new  divisions  were  added  to  the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Laboratory 
have  been  continued  in  the  same  numerical  order,  as  follows: 

*No.  8.. — Laboratory  course  in  pathology  and  bacteriology.  By  M.  J.  Rosenau. 
(Revised  edition,  March,  1904.) 

*No.  9. — Presence  of  tetanus  in  commercial  gelatin.  By  John  F.  Anderson. 

No.  10. — Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  dis- 
ease (uncinariasis  or  anchylostomiasis)  in  the  United  States.  By  Ch.  Warded  Stiles. 

*No.  11. — An  experimental  investigation  of  Trypanosoma  lewisi.  By  Edward 
Francis. 

*No.  12. — The  bacteriological  impurities  of  vaccine  virus;  an  experimental  study. 
By  M.  J.  Rosenau. 

*No.  13. — A statistical  study  of  the  intestinal  parasites  of  500  white  male  patients  at 
the  United  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Bray- 
ton  H.  Ransom,  and  Earle  C.  Stevenson.  A parasitic  round worui  {Agamomermis 
culicis  n.  g.,  n.  sp.)  in  American  mosquitoes  (Culex  sollicitans) ; by  Ch.  Warded  Stiles. 
The  type  species  of  the  cestode  genus  Hymenolepis;  by  Ch.  Warded  Stiles. 

No.  14. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  a new  disease.  By 
John  F.  Anderson. 

No.  15. — Inefficiency  of  ferrous  sulphate  as  an  antiseptic  and  germicide.  By  Allan 
J.  McLaughlin. 

*No.  16. — The  antiseptic  and  germicidal  properties  of  glycerin.  By  M.  J.  Rosenau. 

*No.  17. — Illustrated  key  to  the  trematode  parasites  of  man.  By  Ch.  Warded  Stiles. 

*No.  18. — An  account  of  the  tapeworms  of  the  genus  Hymenolepis  parasitic  in  man, 
including  reports  of  several  new  cases  of  the  dwarf  tapeworm  {H.  nama)  in  the  United 
States.  By  Brayton  H.  Ransom. 


(58) 


59 


*Xo.  19. — A method  for  inoculating  animals  with  precise  amounts.  By  M.  J. 
Rosenau. 

*Xo.  20. — A zoological  investigation  into  the  cause,  transmission,  and  source  of 
Rocln*  Mountain  '“'spotted  fever.”  By  Ch.  Wardell  Stiles. 

Xo.  21. — The  immunity  unit  for  standardizing  diphtheria  antitoxin  (based  on  Ehr- 
lich’s normal  serum).  Official  standard  prepared  under  the  act  approved  July  1, 1902. 
By  M.  J.  Rosenau. 

*Xo.  22. — Chloride  of  zinc  as  a deodorant,  antiseptic,  and  germicide.  By  T.  B. 
McClintic. 

*X'o.  23. — Changes  in  the  Pharmacopoeia  of  the  United  States  of  America.  Eighth 
Decennial  reAusion.  By  Reid  Hunt  and  Murray  Galt  Motter. 

Xo.  24. — The  International  Code  of  Zoological  Xomenclature  as  applied  to  medicine. 
By  Ch.  Wardell  Stiles. 

Xo.  25. — Illustrated  key  to  the  cestode  parasites  of  man.  By  Ch.  Wardell  Stiles. 

Xo.  26. — On  the  stabihty  of  the  oxidases  and  their  conduct  toward  various  reagents. 
The  conduct  of  phenolphthalein  in  the  animal  organism.  A test  for  saccharin,  and 
a simple  method  of  distinguishing  between  cumarin  and  vanillin.  The  toxicity  of 
ozone  and  other  oxidizing  agents  to  lipase.  The  influence  of  chemical  constitution  on 
the  lipolytic  hydrolysis  of  ethereal  salts.  By  J.  H.  Kastle. 

Xo.  27. — The  limitations  of  formaldehyde  gas  as  a disinfectant,  with  special  reference 
to  car  sanitation.  By  Thomas  B.  McClintic. 

*Xo.  28. — ^A  statistical  study  of  the  prevalence  of  intestinal  worms  in  man.  By  Ch. 
Wardell  Siiles  and  Philip  E.  Garrison. 

*Xo.  29. — A study  of  the  cause  of  sudden  death  following  the  injection  of  horse 
serum.  By  M.  J.  Rosenau  and  John  F.  Anderson. 

Xo.  30. — I.  Maternal  transmission  of  immunity  to  diphtheria  toxine.  II.  Maternal 
transmission  of  immunin'  to  diphtheria  toxine  and  h^-persusceptibility  to  horse  serum 
in^he  same  animal.  By  John  F.  Anderson. 

Xo.  31. — Variations  in  the  peroxidase  acthdty  of  the  blood  in  health  and  disease. 
By  Joseph  H.  Kastle  and  Harold  L.  Amoss. 

Xo.  32. — A stomach  lesion  in  guinea  pigs  caused  by  diphtheria  toxine  and  its  bear- 
ing upon  experimental  gastric  ulcer.  By  M.  J.  Rosenau  and  John  F.  Anderson. 

Xo.  33. — Studies  in  experimental  alcoholism.  By  Reid  Hunt. 

Xo.  34. — I.  Agamofilaria  georgiana  n.  sp.,  an  apparently  new  roundworm  parasite 
from  the  ankle  of  a negress.  II.  The  zoological  characters  of  the  roundworm  genus 
Filaria  Mueller,  1787.  III.  Three  new  American  cases  of  infection  of  man  with  horse- 
hair worms  (species  Paragordius  varius ),  with  summary-  of  all  cases  reported  to  date. 
By  Ch.  Wardell  Stiles. 

*Xo.  35. — Report  on  the  origin  and  prevalence  of  n-phoid  fever  in  the  District  of 
Columbia.  By  M.  J.  Rosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle.  (Including 
articles  contributed  by  Ch.  Wardell  Stiles,  Joseph  Goldberger,  and  A.  M.  Stimson.) 

Xo.  36. — Further  studies  upon  h^’persusceptibility  and  immuniD'.  By  M.  J.  Rose- 
nau and  John  F.  Anderson. 

Xo.  37. — Index-catalogue  of  medical  and  veterinar\'  zoology*.  Subjects:  Trema- 
toda  and  trematode  diseases.  By  Ch.  Wardell  Stiles  and  Albert  HassaU. 

X'o.  38. — The  influence  of  antitoxin  upon  post-diphtheritic  paralysis.  By  M.  J. 
Rosenau  and  John  F.  Anderson. 

Xo.  39. — The  antiseptic  and  germicidal  properties  of  solutions  of  formaldehyde  and 
their  action  upon  toxines.  By  John  F.  Anderson. 

Xo.  40. — 1.  The  occurrence  of  a proliferating  cestode  laix'a  {Sparganum  proliferum) 
in  man  in  Frorida,  by  Ch.  Wardell  Stiles.  2.  A reexamination  of  the  D*pe  specimen 
of  Filaria  restiformis  Leidy,  18S0 =Agamomermis  restiformis,  by  Ch.  Wardell  Stiles. 
3.  Obser^'ations  on  two  new  parasitic  trematode  worms:  Homalogaster  philippinensis 
n.  sp.,  Agamodistomum  nanus  n,  sp.,  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 
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4.  A reexamination  of  the  original  specimen  of  Tsenia  saginata  ahietina  (Weinland, 
1858),  by  Ch.  AVardell  Stiles  and  Joseph  Goldberger. 

*Xo.  41.  Milk  and  its  relation  to  the  public  health.  By  various  authors. 

Xo.  42. — The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.  J.  Bosenau. 

Xo.  43. — The  standardization  of  tetanus  antitoxin  (an  American  unit  estabhshed 
under  authority  of  the  act  of  July  1,  1902).  By  M.  J.  Bosenau  and  John  F.  Anderson. 

Xo.  44. — Beport  Xo.  2 on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia,  1907.  By  M.  J.  Bosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 

Xo.  45. — Further  studies  upon  anaphylaxis.  By  M.  J.  Bosenau  and  John  F.  An- 
derson. 

Xo.  46.- — Hepatozoon  perniciosum  (n.  g.  n.  sp.);  a haemogregarine  pathogenic  for 
white  rats;  with  a description  of  the  sexual  cycle  in  the  intermediate  host,  a mite 
{Lelaps  echidninus).  By  W.  M.  Miller. 

Xo.  47. — Studies  on  Th\uoid.^ — I.  The  Belation  of  Iodine  to  the  Physiological 
Acti^uty  of  ThjToid  Preparations.  By  Beid  Hunt  and  Atherton  Seidell. 

Xo.  48.  The  Physiological  Standardization  of  Digitalis.  By  Charles  MAllis  Ed- 
munds and  AYorth  Hale. 

Xo.  49. — Digests  of  comments  on  the  United  States  Pharmacopoeia.  Eighth  decen- 
nial.re\dsion  for  the  period  ending  December  31,  1905.  By  Murray  Galt  Motter  and 
Martin  I.  M'ilbert. 

Xo.  50. — Further  studies  upon  the  phenomenon  of  anaphylaxis.  By  M.  J.  Bosenau 
and  John  F.  Anderson. 

Xo.  51. — Chemical  Tests  for  Blood.  By  Joseph  H.  Kastle. 

Xo.  52. — Beport  Xo.  3 on  the  origin  and  prevalence  of  typhoid  fever  in  the  District 
of  Columbia  (1908).  By  M.  J.  Bosenau,  L.  L.  Lumsden,  and  Joseph  H.  Kastle. 

Xo.  53. — The  influence  of  certain  drugs  upon  the  toxicity  of  acetanilide  and  anti- 
pyrine.  By  AYorth  Hale. 

In  citing  these  bulletins,  beginning  with  Xo.  8,  bibhographers  and  authors  are 
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THE  FIXING  POWER  OF  ALKALOIDS  ON  VOLATILE  ACIDS  AND  ITS 
APPLICATION  TO  THE  ESTIMATION  OF  ALKALOIDS  WITH  THE 
AH)  OF  PHENOLPHTHALEIN  OR  BY  THE  VOLHARD  METHOD/ 


By  Elias  Elvove. 

Technical  Assistant,  Division  of  Chemistry,  Hygienic  Laboratory,  U.  S.  Public  Health 
and  Marine- Hospital  Service. 


The  Yolumetric  estimation  of  the  vegetable  alkaloids  has  been  a 
subject  of  much  study,  and  numerous  methods  have  been  proposed 
which,  with  more  or  less  success,  have  been  practiced  by  various 
authors.  The  desirability  of  perfecting  a suitable  volumetric  method 
for  the  quantitative  determmation  of  this  class  of  substances  grows 
out  not  only  of  the  general  advantages  of  rapidity  and  ease  of  manipu- 
lation which  volumetric  methods  in  general  possess  over  gravimetric 
processes,  but  also  because  in  this  case  the  most  commonly  practiced 
gravimetric  processes  are  open  to  serious  errors  which  render  them 
quite  unreliable.  Thus  Kebler^  expresses  this  fact  in  connection 
with  the  estimation  of  the  vegetable  alkaloids  in  the  following  words : 

From  the  hundreds  of  assays  made  by  the  author,  he  feels  justified  in  stating  that  all 
of  the  gravimetric  processes  yield  products  containing  considerable  non-alkaloidal 
matter,  and  hopes  that  the  day  is  not  far  distant  when  all  gravimetric  results  will  at 
least  be  supplemented  by  volumetric  methods,  if  not  displaced  by  them. 

Most  of  the  volumetric  methods  given  in  the  literature  for  the 
estimation  of  this  class  of  substances  naturally  fall  into  two  classes : 

(1)  Those  which  are  based  upon  the  precipitation  of  the  alkaloid 
from  solution  and  measuring  the  amount  of  reagent  required  to  effect 
complete  precipitation. 

(2)  Those  which  are  based  upon  the  alkaline  nature  of  most 
alkaloids  toward  certain  indicators  and  measuring  the  amount  of 
acid  required  for  complete  neutralization. 

As  the  most  important  of  the  methods  belonging  to  class  (1)  we  may 
mention  the  various  modifications  of  the  old  and  well  known  method 
of  estimating  alkaloids  by  means  of  potassium  mercuric  iodide 

a Manuscript  submitted  for  publication  July  9,  1909. 
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^Mayer's  reagent),  as  well  as  those  methods  which  employ  varions 
modifications  of  Wagner’s  reagent  (a  solution  of  iodine  in  potassium 
iodide ) as  the  precipitant,  chief  among  which  we  may  place  Kippen- 
herger’s®  process.  To  class  (2)  we  may  assign  all  the  acidimetric  or 
alkalimetric  processes,  including  Gordiu’s  ^ method. 

^Wien  we  compare  the  merits  of  the  methods  of  class  (1)  with  those 
of  the  acidimetric  or  alkalimetric  processes  iucluded  under  (2),  we  find 
them  to  be  largely  in  favor  of  the  latter.  For  not  only  do  the  former 
lack  the  advantage  of  bemg  based  upon  a more  or  less  general  charac- 
teristic property  of  the  alkaloids,  namely  the  alkahne  nature  of  most 
alkaloids  toward  certain  indicators,  as  is  the  case  with  the  latter, 
but  they  also  possess  serious  inherent  defects.  Thus  Linde  pomts 
out  among  other  things,  that  the  precipitate  formed  with  Mayer’s 
reagent  has  no  definite  composition,  that  an  aUowance  has  to  be  made 
for  its  solubfiity.  and  that  the  end  poiut  of  the  reaction  is  affected  by 
the  concentration  of  the  alkaloid  in  the  solution  titrated:  while  ac- 
cording to  Scholtz"^  the  method  of  Kippenberger  is  so  untrustworthy 
as  to  be  entirely  inapphcable. 

The  acidimetric  or  alkalimetric  methods  are  thus  left  to  us  as  the 
only  ones  wherein  we  may  look  for  a satisfactory  volumetric  method 
for  the  estimation  of  the  vegetable  alkaloids.  With  more  or  less  success 
such  methods  have  been  worked  out  for  most  of  the  more  common 
alkaloids  through  the  employment  of  a mmiber  of  various  indicators. 
Thus,  according  to  Kuppenberger.^  satisfactory  results  may  be  ob- 
tained, with  lacmoid  as  indicator,  in  titrations  of  atropine,  mori^hine, 
veratrine.  codeine,  cocaine,  nicotine,  coniine,  papaverine,  or  nar- 
cotine: with  iodeosin  as  indicator,  in  titrations  of  thebaine,  codeine, 
emetine,  or  coniine:  with  cochineal  as  indicator,  in  titrations  of 
coniine,  morphine,  thebaine.  emetine,  brucine,  or  peUetierine:  with 
azolitmin  as  indicator,  in  titrations  of  aconitine,  stryclmine,  or  qui- 
nine: while  in  the  U.  S.  Phcirmacopoeia  (1905)  hcnmatoxyhn  or 
iodeosin  are  recommended  for  use  in  various  alkaloidal  assays. 

A closer  examination  of  the  literature,  however,  shows  that  there 
exists  considerable  difference  of  opinion,  and  even  contradiction,  as 
to  the  suitability  of  the  various  indicators  which  have  been  proposed 
for  use  in  the  estimation  of  the  vegetable  alkaloids.  Thus  Kippen- 
berger’s  statement  cited  above,  in  which  he  recommends  azohtmin 
in  titrations  of  quinine,  is  contradicted  by  Ranmistedt,^"  who  denies 
the  applicability  of  azolitmin  as  indicator  in  quinine  titrations:  the 

a Zeit.  anal.  Chem.,  35,  10-27  and  422-471  (1^96;. 

&Ber.,  32,  2S71-2S76  (1899  ). 

- eArcli.  Pharm.,  237,  172-185  (1899;>. 

Arch.  Pharm.,  237,  71-80  (1899). 

«Zeit.  anal.  Chem.,  39,  201-229  Q900). 

/ Apoth.  Zeit.,  22,  1117  (1907). 
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German  Pharmacopoeia®  recommends  haematoxjdin  as  indicator  in 
the  titration  of  quinine,  while  according  to  Hille^  there  is  an  error 
when  quinine  is  titrated  with  hsematoxylin  as  indicator  which  is  in 
many  cases  equivalent  to  a whole  cubic  centimeter  of  N/10  alkali. 
Likewise,  Messner^"  has  tested  the  various  indicators  recommended 
for  the  purpose  of  titrating  the  cinchona  alkaloids  and  found  most 
of  them,  with  the  exception  of  lacmoid,  to  be  unsuitable.  Similarly, 
the  adoption  of  hsematoxylin  as  indicator  in  certain  of  the  alkaloid al 
assays  given  in  the  U.  S.  Pharmacopoeia  (1905)  is  condemned  by 
Lyons‘S  and  also  by  Francis,^  who  prefer  cochineal  as  the  indicator. 
Finally,  we  may  perhaps  best  illustrate  the  imperfect  condition  of 
the  acidimetric  processes  for  estimating  alkaloids  by  the  use  of 
various  indicators,  each  more  or  less  suitable  to  particular  alkaloids, 
by  the  circumstance  that  the  revisers  of  the  U.  S.  Pharmacopoeia 
(1905),  at  present  official,  apparently  deemed  it  better  to  include  no 
quantitative  method  whatever  for  the  determination  of  the  actual 
amount  of  alkaloid  in  specimens  of  such  an  important  alkaloid  as 
quinine,-^  for  example,  rather  than  adopt  an  acidimetric  estimation  by 
means  of  any  of  the  several  indicators  proposed.  And  the  reason 
for  such  course  is  also  readily  seen;  for  having  apparently  selected 
iodeosin  and  haematoxylin  as  the  most  suitable  indicators  in  the  alka- 
loidal  titrations,  the  former  could  not  be  used  in  the  case  of  quinine, 
since  it  is  entirely  unsuitable  as  an  indicator  in  quinine  titrations, 
as  shown  by  Kippenberger,  ^ while  hsematoxylin,  although  better 
suitable  than  iodeosin,  is  still  incapable  of  yielding  satisfactory 
results,  as  pointed  out  by  Hille.^ 

Another  method  for  the  estimation  of  alkaloids,  in  which  the  indi- 
cator employed  is  phenolphthalein,  is  the  method  proposed  by 
Gordin.^  This  author  found  that  the  periodides  or  mercuriodides  of 
alkaloids,  precipitated  by  Wagner’s  and  by  Mayer’s  reagent  respec- 
tively, always  carry  down  with  them  an  amount  of  hydriodic  acid 
which  appeared  to  be  proportional  to  the  amount  of  alkaloid  in  the 
solution.  Gordin  therefore  sought  to  apply  this  property  of  alka- 
loids to  their  volumetric  estimation  with  the  aid  of  phenolphthalein 
as  indicator.  His  method  as  applied  to  morphine,  for  example,  is 
as  follows:  About  0.2  gm.  of  the  sample  of  morphine  to  be  examined 
is  dissolved  in  30  cc.  of  standard  hydrochloric  acid  (about  N/20)  in  a 
100  cc.  flask,  Wagner’s  reagent  (containing  about  1 per  cent  of  free 

aApoth.  Zeit.,  22,  1117  (1907). 

& Arch.  Pharm.,  241,  p.  106  (1903). 

<^Zeit.  angew.  Chem.,  16,  444-450  and  468-477  (1903). 
d Proc.  A.  Ph.  A.,  54,  441  (1906). 
eProc.  A.  Ph.  A.,  54,  454  (1906). 

/U.  S.  Pharmacopoeia  (1905),  pp.  373-4. 

^ Zeit.  anal.  Chem.,  39,  205  (1900). 
h Loc.  cit. 
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iodine  and  1.5  per  cent  of  potassium  iodide)  added  gradually,  the 
whole  well  shaken  after  each  addition  until  further  addition  of  the 
reagent  produces  no  further  precipitate,  when  the  contents  are 
diluted  to  100  cc.  and  again  well  shaken.  After  the  precipitate  has 
settled  thorouglily  the  licjuid  is  filtered,  50  cc.  of  the  red  filtrate 
decolorized  by  the  gradual  addition  of  10  per  cent  sodium  thiosul- 
phate, a few  drops  of  phenolphthaleui  added,  and  the  excess  of  acid 
titrated  with  X/20  potassium  hydroxide.  It  is  found  that  1 cc.  of 
the  acid  is  removed  by  0.0137  gm.  of  morphme,  from  which  the 
proper  calculation  will  show  the  percentage  of  alkaloid  in  the  speci- 
men examined.  This  method  is,  of  course,  quite  simple,  and  the 
possibility  of  using  phenolphthalein  as  the  indicator  is  an  advan- 
tage hardly  to  be  overestimated,  and  which  advantage  the  author 
rightly  considers  so  important  as  to  bring  it  out  in  the  title®  of  the 
communication  in  which  the  method  is  described.  Unfortimately, 
however,  it  has  been  found  that  the  amoimt  of  acid  carried  dovm  by 
the  precipitate  formed  on  addition  of  flayer’s  or  Wagner’s  reagent 
is  not  a true  measure  of  the  amount  of  alkaloid  in  the  solution. 
Thus  Kippenberger,  ^ who  has  investigated  Gordin’s  method,  states 
that  his  experiments  show  that  the  results  obtained  by  this  method, 
whether  using  Wagner’s  or  flayer’s  reagent,  are  so  profoundly  in- 
fluenced by  the  proportion  of  free  acid,  as  well  as  by  that  of  the 
potassium  iodide  in  the  solution,  that  they  are  useless  for  cpiantitative 
purposes,  being  not  only  far  too  high,  but  also  extremely  irregidar. 
Likewise,  Gordin’s  suggestion  that  the  acid  should  be  standardized 
by  a known  cpiantity  of  morphine  is  also  found  by  Kippenberger  to 
be  unserviceable,  since  ecpiivalent  quantities  of  morphine  and.  strych- 
nine titrated  under  identical  conditions  gave  widely  different  results. 

On  the  other  hand,  as  early  as  1887,  Plugge  showed  that,  in 
general,  m solutions  of  the  salts  of  the  alkaloids  the  free  acid  can  be 
determined  by  titration  with  litmus  while  the  total  quantity  of  acid 
(free  and  combined)  by  titrating  with  phenolphthalein  as  indicator; 
since  the  latter  indicator  is  neutral  toward  most  of  the  vegetable 
alkaloids,  and  hence  the  acid  combined  with  the  alkaloid  as  salt 
acts  toward  it  as  if  it  were  free  acid.  In  adopting  such  a plan  to 
the  estimation  of  the  free  alkaloids,  however,  as  is  done  by  Barthe,^ 
the  advantage  in  the  use  of  phenolphthalein  is  lost,  since  the  result 
obtamed  is  necessarily  dependent  on  the  accuracy  with  which  the 
litmus  indicator  wiU  show  the  actual  amount  of  acid  in  excess  of 
that  which  is  combined  with  the  alkaloid;  and,  in  fact,  the  use  of 

o The  title  of  Gordin’s  paper  is;  Simple  Alkalimetric  Method  for  the  Estimation  of 
Salt-forming  Alkaloids  with  the  Aid  of  Phenolphthalein  as  Indicator. 

&Zeit.  anal.  Chem.,  42,  101-108  (1903). 

(“Arch.  Pharm.  (3),  25,  45-49  (1887). 

d Compt.  Pend.,  115,  512-514  (1892y 
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the  phenolphthalein  in  such  connection  would  be  entirely  super- 
fluous, since  the  alkaloid  could  be  dissolved  in  an  excess  but  definite 
amount  of  acid  in  the  first  place,  and  the  actual  excess  of  acid 
remaining  uncombined  determmed  by  means  of  the  litmus  indicator. 
Further,  litmus  as  an  indicator  in  alkaloidal  titrations  does  not 
appear  to  yield  highly  satisfactory  results.  Thus,  according  to 
Kebler,®  litmus  is  not  as  good  an  indicator  in  alkaloidal  titrations 
as  is  cochineal,  Brazil  wood,  or  haematoxylin,  the  last  giving  the 
best  results,  while  the  shortcomings  of  even  haematoxylin  have  already 
been  pointed  out  above. 

It  thus  appears  from  the  literature  that  although  it  is  known 
that  the  salts  of  most  of  the  vegetable  alkaloids  can  be  estimated 
by  means  of  phenolphthalein  as  indicator,  no  application  of  this  fact 
to  the  estimation  of  the  purity  of  the  uncombined  alkaloids,  as  found 
in  commerce  or  as  obtained  in  the  course  of  the  various  pharma- 
copoeia! assays,  has  been  made  where  the  phenolphthalein  is  used 
as  the  only  alkalimetric  indicator,  and  hence  as  the  controlling 
factor  of  the  accuracy  of  the  titration.  It  therefore  occurred  to  the 
writer  that  in  the  course  of  the  various  pharmacopoeial  assays,  if 
instead  of  dissolving  the  alkaloid  in  an  excess  of  sulphuric  acid,  ^ as 
is  usually  done,  an  excess  of  a volatile  acid  be  employed,  such  as 
acetic  or  hydrochloric  acid  for  example,  a definite  amount  of  the 
acid,  proportional  to  the  amount  of  alkaloid  present,  would  become 
fixed  by  combining  with  the  alkaloid,  and  which  combination  of  alka- 
loid and  acid  might  be  found  stable  at  the  temperature  employed 
for  volatilizing  the  excess  of  acid  remaining  free.  If  this  were  done, 
the  amount  of  acid  thus  becoming  fixed. could  in  most  cases  be 
determined  with  the  aid  of  phenolphthalein  as  indicator,  and  hence 
indirectly  also  the  amount  of  alkaloid.  And  if  hydrochloric  acid^ 
were  chosen  as  the  volatile  acid  to  be  thus  employed,  we  could  also 
estimate  the  alkaloids  indirectly  by  determining  the  amount  of 
chlorine  in  the  alkaloidal  residue  by  means  of  the  well  known  and 
exact  Yolhard  method;  while  the  advantage  thus  to  be  gained  in 
rendering  it  possible  to  estimate  alkaloids  indirectly  by  means  of 
the  Yolhard  method  would  perhaps  be  found  of  even  wider  applica- 
tion than  the  adaptation  of  phenolphthalein  to  their  estimation 
alkalimetrically,  since  although  phenolphthalein  would  be  applicable 
as  indicator  in  the  titration  of  most  of  the  alkaloids,  yet  in  the  cases 
of  some  of  them,  as,  for  example,  morphine,^^  phenolphthalein  does 
not  show  the  end  reaction  very  sharply.  Again,  it  is  evident  that 

« Log.  cit. 

&U.  S.  Pharmacopoeia  (1905),  pp.  28,  67,  107,  143,  146-147,  197,  200,  300,  340,  344. 

Hydrochloric  acid  is  actually  employed  by  the  U.  S.  Pharmacopoeia  (1905)  in  a 
similar  procedure  for  the  gravimetric  determination  of  coniine. 

^ Plugge:  loc.  cit. 
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Avhere  a change  of  color  must  be  depended  on  for  ascertaining  the 
end  of  the  reaction,  the  titration  of  colored  liquids,  which  is  not  an 
infrequent  occurrence  in  alkaloidal  assaying,  presents  no  little  diffi- 
culty; and  while  phenolphthalein  has  in  such  cases  the  advantage 
over  most  other  indicators  in  that  the  end  reaction  is  not  indicated 
simply  by  a change  from  one  color  to  another,  but  from  colorless  to 
deep  pink,  still  it  must  be  conceded  that  the  end  reaction  under 
such  circumstances,  even  with  phenolphthalein  as  the  indicator, 
can  not  be  obtained  in  all  cases  with  as  much  precision  as  when  a 
colorless  liquid  is  titrated.  If,  however,  we  convert  the  estimation 
of  the  alkaloids  into  a simple  chlorine  determination,  we  can  hi 
many  cases  add  to  the  solution  containing  the  chlorine  and  acidified 
with  nitric  acid,  a measured  excess  of  a standard  silver  solution, 
filter,  and  determine  the  excess  of  silver  in  the  filtrate;  and  if  the 
latter  happens  to  be  too  highly  colored  so  as  to  obscure  the  action  of 
the  ferric  indicator,  it  (or  an  aliquot  portion)  can  be  evaporated  to 
dryness  on  the  water  bath  and  the  organic  matter,  to  which  the 
color  is  usually  due,  gotten  rid  of  by  ignition,  thus  leaving  the  whole 
of  the  silver  in  condition  to  be  taken  up  with  nitric  acid  and  titrated 
with  standard  thiocyanate  in  the  usual  wai^.  In  order  to  determine 
whether  such  a volumetric  method  would  be  practicable,  the  following 
experiments  were  carried  out. 

GENERAL  MODE  OF  PROCEDURE. 

It  is  evident  that  the  practicability  of  such  a method  hinges 
almost  entirely  on  whether  or  not  the  temperature  employed  for 
getting  rid  of  the  excess  of  the  volatile  acid,  as  well  as  the  length 
of  time  such  temperature  is  allowed  to  act,  will  always  insure  the 
complete  removal  of  the  free  acid  but  leave  the  portion  which  has 
become  fixed  in  a stable  condition,  and  therefore  also  in  constant 
proportion  to  the  amount  of  alkaloid  present.  Hence  in  taking  up 
any  alkaloid  it  was  first  determined  whether  the  combmation  of 
alkaloid  and  acid  resulting  from  the  evaporation  to  dixmess  of  a 
given  amount  of  the  alkaloid  dissolved  in  an  excess  of  the  volatile 
acid  would  remain  stable,  at  the  temperature  chosen,  for  a time 
sufficiently  long  as  to  permit  of  its  being  considered  stable  at  that 
temperature  for  thn  purpose  m view.  The  temperature  chosen  was 
that  of  the  boiling  water  bath  (90-95  C.),  since  this  is  the  most  con- 
venient and  almost  universally  accessible,,  as  well  as  requiring  little 
or  no  attention  in  maintaining  it  at  a reasonably  constant  temper- 
ature. Having  found  that  such  stability  exists  with  the  amount 
taken,  quantities  of  the  alkaloid  varying  between  certain  limits, 
which  might  conveniently  be  used  in  actual  practice,  were  then 
similarly  treated,  keeping  both  the  temperature  and  time  constant. 
The  general  mode  of  procedure  was  as  follows : 
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The  theoretical  amount  of  the  pure  alkaloid  required  to  make  a 
fiftieth-molar  solution  (one-fiftieth  of  the  molecular  weight  in  grams 
per  liter)  was  carefullr  weighed  out  and  dissolved  m X/2  hydro- 
chloric acid  (m  a few  instances  X/2  acetic  acid  was  used  instead), 
usmg  sufficient  of  the  latter  to  yield  the  required  volume  of  solu- 
tion. Equal  volumes  (10  or  20  cc.l  of  such  solution  were  then  trans- 
ferred to  porcelain  dishes  and  the  latter  with  their  contents  placed 
on  the  water-bath  (90-95  C.),  where  they  were  kept  until  the  liquid 
had  completely  evaporated,  when  the  time  was  noted  and  there- 
after, at  intervals  of  half  an  hour,  one  of  the  dishes  was  removed 
and  allowed  to  cool  to  room  temperature.  The  residues  in  the 
dishes  were  then  taken  up  with  distilled  water  (usually  10  cc.),  three 
drops  of  phenolphthalein  uidicatorT  added,  and  the  acidity  of  the 
solution  determined  by  means  of  X/10  sodium  hydroxide.  It  was 
found  that  in  the  case  of  some  of  the  alkaloids  studied  (e.  g.,  quinine) 
when  a drop,  of  the  phenolphthalein  solution  is  added  to  the  alka- 
loidal  salt  solution  which  had  been  titrated  as  just  described  until 
a light-pink  color  developed,  that  such  additional  drop  of  the  phe- 
nolphthalein, especially  when  comparatively  larger  amounts  of  the 
alkaloid  are  present,  causes  the  light-pink  color  to  at  once  turn  very 
deep  pink.  Hence  at  the  end  of  each  titration  an  additional  drop 
of  the  phenolphthalem  indicator  was  added  in  all  cases,  and  when 
this  caused  the  color  to  deepen  very  much,  standard  acid  was  added 
until  only  a light-pink  color  remained,  an  amount  of  alkali  ecpiiva- 
lent  to  the  amount  of  acid  thus  used  up  being  deducted  from  the 
total  amount  of  alkali  added  in  the  first  place,  and  the  difference 
taken  as  the  amount^of  standard  alkali  required  to  neutralize  the 
acidity  of  the  solution;  it  having  been  found  that  such  procedure 
yielded  results  quite  close  to  that  theoretically  required,  whereas  if 
the  numbers  representing  the  first  titrations  with  the  alkali  were 
taken,  the  results  were  somewhat  too  high.  After  the  acidity  of 
the  alkaloidal  salt  solution  had  been  neutralized  and  the  amount  of 
alkali  thus  determined,  the  chlorine  in  the  solution  was  determined 
by  means  of  Yolhard’s  thiocyanate  method.  And  when  it  was  found 
that  a product  of  constant  acidity  is  obtained  under  conditions  of 
time  varying,  temperature  and  amount  of  alkaloid  remaining  con- 
stant, the  experiments  were  then  repeated  with  these  conditions 
reversed,  namely,  amount  of  alkaloid  varying  while  both  time  and 
temperature  remained  constant.  The  amount  of  hydrochloric  acid 
becoming  fixed  being,  likewise  here,  determined  both  alkalimetric- 
ally  and  by  the  Volhard  method.  The  results  obtained  with  the 
alkaloids  cinchonine,  quinidine,  cinchonidine,  quinine,  and  strych- 
nine are  given  in  the  following  tables : 


Prepared  according  to  the  U.  S.  Pharmacopoeia,  1905,  page  544. 
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CIXCHOXIXE. 

A M/50  cinchonine  solution  was  prepared  by  dissolving  2.94  gm.  of 
the  pure  anhydrous  alkaloid  in  N/2  HCl  and  using  the  same  acid  to 
make  up  the  total  volume  to  500  cc.  The  results  obtained  with  this 
solution  are  given  in  Tables  I and  II. 


Table  I. 


Effect  of  the  temperature  of  the  water  hath  {90-95  C.  ) on  the  stability  of  freshly-formed 

cinchonine  hydrochloride . 


Time  re- 
mained on 
water  bath 
after  com- 
plete evap- 
oration of 
liquid. 

M/50  cin- 
chonine 
taken. 

N/10 

NaOH 

required. 

X/10  1 

AgXOs  ' 
required. 

Amount  of 
HCl  found  .a 

Minutes. 

cc. 

cc. 

cc. 

Gram. 

30 

10 

4. 05 

4. 10 

0. 0148 

60 

10 

4. 00 

4.  04 

.0146 

90 

10 

4.00 

4.02 

.0146 

120 

10 

3. 95 

4.00 

.0144 

150 

10 

4.  00 

3. 98 

.0146 

180 

10 

4.  03 

4. 00 

.0147 

210 

10 

3. 98 

3. 96 

.0145 

* 240 

10 

4.  00 

3. 94 

.0146 

270 

10 

3.  95 

4.  00 

.0144 

300 

10 

4.02 

■ 4.00 

.0147 

330 

10 

3. 95 

3.98 

.0144 

360 

10  ■ 

4.00 

3.96 

.0146 

Amount  of  HCl  theoretically  required  for  C19H22N2O.  2HC1=0.0146. 


Table  II. 


Effect  of  varying  the  amount  of  cinchonine  on  the  constancy  of  the  proportion  of  HCl  in 

the  alkaloidal  residue. 


Temperature  as  in  Table  I;  time,  3 hours. 


M/50  cin- 
chonine 
taken. 

X/10  XaOH 
required. 

N/10  AgXOs 
required. 

Ratio  be- 
1 tween  cc. 
cinchonine 
sol.  taken 
1 and  cc.  N/10 
1 XaOH  re- 
quired. 0 

cc. 

cc. 

cc. 

5 

2.00 

1.96 

2.50 

10 

3.  98 

3. 96 

2. 51 

20 

8. 10 

8. 04 

2.  47 

30 

12. 10 

11.94 

2.48 

40 

16. 15 

16. 10 

2.  48 

50 

^ J 

20.  20 

20.  06 

2.  48 

o All  calculations  were  based  on  the  results  obtained  on  titration  with  the  N/10  XaOH, 
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QUIN  I DINE. 

A M/50  quinidine  solution  was  prepared  by  dissolving  3.24  gm.  of 
the  pure  anhydrous  alkaloid  in  N/2  HCl  and  using  the  same  acid  to 
make  up  the  total  volume  to  500  cc.  The  results  obtained  with  this 
solution  are  given  in  Tables  III  and  IV. 


Table  III. 


Effect  of  the  temperature  of  the  water  bath  (90-95  C.)  on  the  stability  of  freshly-formed 

quinidine  hydrochloride. 


1 Time  re- 
1 mained  on 
water  bath 
after  com- 
1 plete  evap- 
1 oration  of 
1 liquid. 

M/50  quini- 
dine taken. 

N/10 

NaOH 

required. 

N/10 

AgNOs 

required. 

Amount  of 
HCl  found. 

Minutes. 

cc. 

cc. 

cc. 

Gram. 

30 

10 

4. 08 

4. 04 

0. 0149 

60 

10 

4. 03 

4.  00 

.0147 

90 

10 

4.00 

3. 96 

. 0146 

120 

10 

4.  02 

3. 98 

.0147 

150 

10 

3. 98 

4.  06 

.0145 

180 

10 

4.  00 

3. 98 

.0146 

210 

10 

3. 95 

3. 98 

= 0144 

240 

10 

4.  02 

4.  04 

.0147 

270 

10 

4.  00 

4.  00 

.0146 

300 

10 

3. 95 

3.  96 

.0144 

330 

10 

4. 00 

3. 98 

.0146 

360 

10 

3. 98 

3.96 

.0145 

Amount  of  HCl  theoreticallj^  required  for  C2oH24N2022HCl=0.0146. 


Table  IV. 


Effect  of  larying  the  amount  of  quinidine  on  the  constancy  of  the  proportion  of  HCl  in 

the  alkaloidal  residue. 


Temperature  as  in  Table  III;  time,  3 hours. 


M/50  quini- 
dine taken. 

N/10  NaOH 
required. 

N/10  AgNOs 
required. 

Ratio  be- 
tween cc. 
quinidine 
sol.  taken 
and  cc.  N/10 
NaOH  re- 
quired. 

cc. 

cc. 

cc. 

5 

1.95 

1.96 

2.  56 

10 

3. 95 

3. 90 

2.53 

20 

8.10 

7. 96 

2.  47 

30 

12. 15 

12. 16 

2.  47 

40 

16.  25 

16.  32 

2.  46 

50 

20.  28 

20.  36 

2.  47 

u 


CIXCHOXIDIXE. 

A M/50  cinchonicline  solution  was  prepared  by  dissolving  2.94  gm. 
of  the  pure  anliydrous  alkaloid  in  X/2  HCl  (or  X/2  acetic  acid)  and 
using  the  same  acid  to  make  up  the  total  volume  to  500  cc.  The 
results  obtained  with  these  solutions  are  2:iven  in  Tables  Y,  M!,  and 
VIT. 

Table  V. 

Effect  of  the  temperature  of  the  v:aUr  hath  {90-95  C.)  on  the  stability  of  freshly-formed 

cinchonidine  hydrochloride. 


Time  re- 
mained on 
water  bath 
after  com- 
plete evapo- 
ration of 
liquid. 

n 50  cin- 
chonidine 
taken. 

N/10 
XaOH 
required,  j 

X 10 
AgXOs 
required. 

Amount  of 
HCl  found. 

Minutes. 

cc. 

cc. 

cc. 

Gram.  I 

30 

10 

4.10 

4 06 

0. 0150 

60 

10 

408 

400 

• 01^9 

90 

10 

4.00 

3. 98 

.0146 

120 

10 

4 05 

4 00 

.0148 

1.50 

10 

3.  98 

4.00 

.0145 

ISO 

10 

403 

3.96 

.0147 

210 

10 

3.  95 

4 04 

.0144 

240 

10 

4 00 

4 02 

.0146 

270 

10 

400 

3.  96 

.0146 

300 

10 

3. 98 

3. 96 

.0145 

330 

10 

400 

3.98 

.0146 

360 

10 

3. 95 

400 

.0144 

Amount  of  HCl  theoretically  required  for  Ci9H22X2O.2HCl=0.0146. 


Table  VI. 


Effect  of  varying  the  amount  of  cinchonidine  on  the  constancy  of  the  proportion  of  HCl 

in  the  alhaloidal  residue. 

Temperature  as  in  Table  V;  time,  3 hours. 


M 50  cin- 
chonidine 
taken. 

X/10  XaOH 
required. 

X.  10  AgXOs 
required. 

Ratio  be-  j 
tween  cc.  j 
cinchonidine 
sol.  taken 
and  cc.  X 10 
XaOH  re- 
quired. 

cc. 

cc. 

cc. 

5 

1.95 

1. 98 

2.56 

10 

403 

3. 96 

2.49 

20 

8.05 

S.OO 

2.  48 

30 

12. 15 

12. 16 

2.  47 

40 

16. 17 

16. 10 

2.  47 

50 

20.  25 

20. 18 

2.47 

1 

15 


Table  VII. 


Effect  of  the  temperature  of  the  water  hath  (90-95  C.)  on  the  stability  of  freshly -formed 

cinchonidine  acetate. 


Time  re- 
mained on 
water  bath 
after  com- 
plete evapo- 
ration of 
liquid. 

M/50  cin- 
chonidine 
taken. 

N/10 

NaOH  re- 
quired. 

Amount  of 
acetic  acid 
found. 

Minutes. 

cc. 

cc. 

Gram. 

30 

10 

3.  80 

0. 0228 

60 

10 

3.  33 

.0200 

90 

10 

3.  20 

.0192 

120 

10 

3.  03 

.0182 

150 

10 

3.  00 

.0180 

180 

10 

3.  00 

.0180 

210 

10 

2.85 

.0171 

240 

10 

2.  62 

.0157 

270 

10 

2.  60 

.0156 

300 

10 

2.33 

.0140 

330 

10 

2.  00 

.0120 

360 

10 

2. 15 

.0129 

Amount  of  C2H4O2  theoretically  required  for  Ci9H22N20.C2H402=  0.0120  gm. 


QUININE. 

A M/50  quinine  solution  was  prepared  by  dissolving  3.24  gm.  of 
the  pure  anhydrous  alkaloid  in  N/2  HCl  (or  N/2  acetic  acid)  and 
using  the  same  acid  to  make  up  the  total  volume  to  500  cc.  The 
results  obtained  with  these  solutions  are  given  in  Tables  VIII,  IX, 
and  X. 

Table  VIII. 


Effect  of  the  temperature  of  the  water  hath  {90-95  C.)  on  the  stability  of  freshly-formed 

quinine  hydrochloride. 


Time  re- 
mained on 
water  bath 
after  com- 
plete evap- 
oration of 
liquid. 

M/50  qui- 
nine taken. 

N/10 

NaOH 

required. 

N/10 

AgNOa 

required. 

Amount  of 
HCl  found. 

Minutes. 

cc. 

cc. 

cc. 

Gram. 

30 

10 

4. 10 

4.  08 

0.  0150 

60 

10 

,4.  03 

4.00 

.0147 

90 

10 

4.05 

4.00 

.0148 

120 

10 

4.  00 

3.  96 

.0146 

150 

10 

3.  95 

3.  96 

.0144 

180 

10 

4.  02 

4.  00 

.0147 

210 

10 

4.  00 

3.  98 

.0146 

240 

10 

3.  98 

3.  94 

.0145 

270 

10 

4.  00 

3.  98 

.0146 

300 

10 

3.  95 

4.  00 

.0144 

330 

10 

4.  00 

3.  98 

.0146 

360 

10 

3.  98 

3.  96 

.0145 

Amount  of  HCl  theoretically  required  for  C2oH24N2022HCl=0.014C. 
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Table  IX. 

Effect  of  varying  the  amount  of  quinine  on  the  constancy  of  the  'proportion  of  HCl  in 

the  alkaloidal  residue. 


Temperature  as  in  Table  VIII;  time,  3 hours. 


' M/.30  qui- 
nine taken. 

i 

N/10  VaOH 
required. 

i ! 

X 10  AgXOs 
required. 

1 

Ratio  Be- 
tween cc. 
quinine  sol. 
taken  and  cc. 
X/10  XaOH 
required. 

1 

1 cc. 

cc. 

cc. 

5 

1.98 

1.96 

2.  52 

10 

4.  02 

3.  98 

2.  49 

20 

8.  15 

7.96 

2.  45 

30 

11.98 

12.00 

2.50 

40 

16.10 

15.  94 

2.48 

1 50 

20.  17 

20.  10 

2.48 

Table  X. 


Effect  of  the  temperature  of  the  icater  hath  {90-95  C.)  on  the  stability  of  freshly -formed 

quinine  acetate. 


Time  re- 
mained on 
water  hath 
after  com- 
plete evap- 
oration of 
liquid. 

M,’50  qui- 
nine taken. 

X/10 

XaOH 

required. 

Amount  of 
acetic  acid 
found. 

1 

Minnies. 

cc. 

cc. 

Gram.  ' 

30 

10 

2.  48 

0. 0149  i 

: 60 

10 

2.  SO 

. 0138 

90 

10 

2.  48 

. 0149 

120 

10 

2.  00 

. 0120  ! 

150 

10 

2.  00 

. 0120  i 

180 

10 

2.  18 

. 0131  I 

210 

10 

2.  00 

. 0120  i 

240 

10 

1.  70 

.0102 

270 

10 

1.  90 

.0114 

300 

10 

2.  05 

.0123 

330 

10 

2.  07 

. 0124 

360 

] 

10 

1.75 

. 0105 

Amount  of  C2H4O2  theoretically  required  for  C20H24X2O2.  C2H402=0.0120  gm. 


STRYCHXINE. 


A M/50  stryclinine  solution  was  prepared  by  dissolving  3.34  gm. 
of  the  pure  anhydrous  alkaloid  in  X/2  HCl  (or  X/2  acetic  acid)  and 
using  the  same  acid  to  make  up  the  total  volume  to  500  cc.  The 
results  obtained  with  these  solutions  are  given  in  Tables  XI,  XII, 
and  XIII. 
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Table  XI. 

Effect  of  the  temperature  of  the  ivater  bath  (90-93  C.)  on  the  stability  of  freshly-formed 

strychnine  hydrochloride. 


Time  re- 
mained on 
water  bath 
after  com- 
plete evapo- 
ration of  liq- 
uid. 

1 

M/50  strych- 
nine taken. ^ 

i 

N/10  NaOH 
required. 

1 

N/lOAgNOs 

required. 

! 

Amount  of 
HCl  found. 

Minutes. 

cc. 

cc. 

cc. 

Gram. 

30 

20 

4.05 

4.  02 

0.  0148 

60 

20 

4.00 

3.  96 

.0146 

90 

20 

3.98 

3.  96 

.0145 

120 

20 

4.00 

3.  98 

.0146 

150 

20 

3.  95 

4.  00 

.0144 

180 

20 

4.  00 

4.  02 

. 0146 

210 

20 

4.  00 

3.  96 

.0146 

240 

20 

3.  95 

3.94 

.0144 

270 

20 

3.  98 

3.  98 

.0145 

300 

20 

4.  02 

4.  00 

.0147 

330 

20 

3.  95 

1 3. 96 

.0144 

360 

20 

3.  95 

1 3. 94 

. 0144 

' 1 

Amount  of  IICI  theoretically  required  for  C2iH22N2O2HCl=0.014G. 

Table  XU. 


Effect  of  varying  the  amount  of  strychnine  on  the  constancy  of  the  proportion  of  HCl  m 

the  alkaloidal  residue. 

Temperature  as  in  Table  XI;  time,  3 hours. 


M/50  strych- 
nine taken. 

N/10  NaOH 
required. 

N/10  AgNOa 
required. 

I Ratio  be- 
tween cc. 
str3*chnine 
sol.  taken  and 
cc.  N/10 
NaOH  re- 
quired. 

cc. 

cc. 

cc. 

5 

0.95 

0. 98 

5.26 

10 

1.  95 

1.  96 

5. 13 

20 

4.00 

3.94 

5.00 

30 

5.  90 

5.88 

5.  OS 

40 

7.  80 

7.  82 

5. 13 

50 

9.  90 

9.  80 

5.  05 

Table  XIII. 

Effect  of  the  temperature  of  the  VMter  bath  (90-95)  on  the  stability  of  freshly-formed’ 

strychnine  acetate. 


Time  re- 
mained on 
water  bath 
after  com- 
plete evapo- 
ration of  liq- 
uid. 

M/50stpvch- 
nine  taken,  j 

x\710  NaOH 
required. 

i 

Amount  of 
acetic  acid 
found. 

Minutes. 

cc.  1 

1 

cc.  i 

Gram.  i 

30 

20  ' 

4. 25  1 

0. 0255  1 

60 

20  1 

1.  70  1 

. 0102  1 

90 

20 

1. 50  1 

.0090  i 

120 

20 

.50 

.0030 

150 

20  i 

.15 

. 0009  1 

180 

20  i 

.05 

. 0003  j 

210 

20  ! 

.02 

. 0001  I 

240 

20  i 

.02 

. 0001  j 

270 

20  ! 

.02  ' 

. 0001 

300 

20  ; 

.00 

. 0000  1 

330 

20 

. 00  ; 

.0000  ! 

360 

20 

.00 

. 0000  i 

Amount  of  C2H402  theoretically  required  for  C2iH22N202.C2H402=0.0120  gm. 

5458 — Bull.  54 — 09 2 
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In  tlie  following  table  (Table  XIV)  are  given  the  results  obtained 
with  solutions  of  varying  amounts  of  alkaloid  dissolved  in  an  excess 
of  hydrochloric  acid,  the  amount  of  alkaloid,  as  well  as  the  amount 
of  hydrochloric  acid  being  both  unknown  to  the  writer  at  the  time 
when  the  determinations  were  carried  out. 


Table  XIV. 


(Unknown  solutions  submitted  by  Prof.  J.  H.  Kastle.) 

Showing  the  proportioiiaUty  between  the  NjlO  NaOH  equivalent  of  the  amount  of  alka- 
loid given  and  that  found  to  require. 

Temperature,  90-95  C.;  time,  6 hours. 


Name  of  alkaloid. 

Amount 

given. 

X,  10  XaOH 
equivalent 
of  amount 
given. 

X/10  XaOH 
required. 

Ratio  I'e- 
tween  the 
X;i0  XaOH 
equivalent 
and  that 
found  to  re- 
quire. 

Gram. 

cc. 

cc. 

Cinchonine 

0. 0770 : 

5.  24 

5. 20 

1.  01 

Do 

. 1294  i 

8.  80 

&76 

1.00 

Do 

.2040 

18.  00  i 

18.00 

1.00 

Do... 

. 0670 

4.  60 

4.  43 

1.04 

Do 

. 1940 

13.  20 

la  10 

1.01 

Do.... 

.1617 

11.00 

10.89 

1.01 

strychnine 

. 1403 

4.  25 

4.09 

1.04 

‘Do 

. 2939  : 

S.  SO 

8.76 

1.00 

Do 

. 0835 

2.  50 

2.  42 

1.03 

Do 

. 1937 

5.80 

5.  59 

1.04 

Do 

. 2505 

7.  50 

7.  18 

1.04 

Do 

. 1136  : 

3.  40 

3.  26 

1.04 

Average 

1.  02 

The  results  given  in  the  accompanying  tables  appear,  in  the  cases 
where  hydrochloric  acid  was  used  as  the  volatile  acid,  sufficiently 
close  to  what  is  theoretically  recjuired  as  to  justify  the  conclusion 
that  the  small  deviation  from  the  theory  in  some  cases  is  due  largely 
to  experimental  error,  and  hence  that  the  alkaloids,  the  study  of  which 
is  here  presented,  may  be  estimated  with  fairly  close  results  by  the 
procedure  here  adopted,  whether  we  use  the  alkalimetric  method 
with  the  aid  of  phenolphthalein  or  determine  the  chlorine  by  means 
of  Yolhard’s  thiocyanate  method.  For  estimating  the  actual  amount 
of  alkaloid  in  specimens  of  these  alkaloids  we  may  therefore  adopt 
the  following  procedure : 

About  0.2  gm.  of  the  specimen  to  be  examined  is  dissolved  in  an 
excess  of  dilute  hydrochloric  acid  (about  20  cc.  of  4 per  cent),  the 
liquid  completely  evaporated,  any  film  which  may  have  formed  over 
the  surface  is  broken  up  with  the  aid  of  a glass  rod,  and  the  residue 
allowed  to  remain  on  the  water  bath  (90-95  C.)  for  three  hours. 
It  is  then  taken  up  with  distilled  water  (10-20  cc.),  phenolphthalein 
(3  drops)  solution  added,  and  titrated  with  standard  sodium  hydrox- 
ide until  the  solution  develops  a light  pink  color.  At  this  point  one 
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more  drop  of  the  phenolphthalein  indicator  is  added,  and  if  the  solu- 
tion at  once  assumes  a very  deep  pink  color,  standard  acid  is  added 
until  the  color  remaining  is  only  light  pink,  the  alkali  equivalent  of 
the  acid  thus  added  being  deducted  from  the  total  alkali  added  first. 
Knowing  that  in  the  case  of  quinine,  quinidine,  cinchonine,  or  cin- 
chonidine  two  molecules  of  the  sodium  hydroxide  are  equivalent  to 
one  molecule  of  these  alkaloids,  we  can  of  course  calculate  the  actual 
amount  of  alkaloid  in  the  specimen  under  examination.  Similarly^ 
in  the  case  of  strychnine  the  calculation  is  made  on  the  basis  of  one 
molecule  of  the  sodium  hydroxide  being  equivalent  to  one  molecule 
of  the  strychnine.  The  result  thus  obtained  may  also  be  confirmed 
by  determining  the  chlorine  in  the  solution  by  means  of  the  Volhard 
thiocyanate  method.  In  the  case  of  other  alkaloids,  no  complete 
s}'Stematic  investigation  has  yet  been  made,  but  it  is  highly  probable 
that  with  perhaps  some  slight  modification  such  procedure  will  be 
found  applicable  to  most,  if  not  all,  the  alkaloids  usually  met  with 
in  practice.  In  fact,  some  preliminary  work  with  a number  of  other  , 
alkaloids  would  seem  to  indicate  that  such  is  really  the  case. 

It  is  interesting  to  note  in  this  connection  that  the  results  which 
might  be  obtained  from  a study  of  the  fixing  power  of  the  alkaloids 
on  volatile  acids  under  exactly  equal  conditions  and  using  the  same 
indicator  (instead  of  a large  number  of  different  indicators)  in  the 
titrations  of  all  the  alkaloids  compared,  as  is  here  done  for  several 
of  them,  should  furnish  conclusive  evidence  as  to  the  exact  relation 
of  the  various  alkaloids  to  acids,  i.  e.,  their  combining  power  with 
acids,  a subject  which  appears  to  still  remain,  at  feast  as  far  as 
some  of  the  alkaloids  are  concerned,  surrounded  by  uncertainty. 
Thus  Schimpf  ® expresses  himself  in  this  respect  with  reference  to  the 
cinchona  alkaloids  as  follows : 

In  the  titration  of  cinchona  alkaloids  such  anomalous  results  are  obtained  that  there 
is  some  doubt  as  to  whether  the  relation  of  these  alkaloids  to  acids  is  thoroughly  under- 
stood . 

Further,  as  examples  of  monacid  alkaloids,  Schimpf^  enumerates 
quinine,  morphine,  and  strychnine.  Similarly,  the  U.  S.  Pharma- 
copoeia, as  may  be  seen  from  the  tables  of  equivalents  in  which  the 
alkaloids  are  enumerated,  apparently  regards  such  alkaloids  as  qui- 
nine and  strychnine,  for  example,  as  being  equal  in  their  combining 
power  with  acids,  assigning  to  both  strychnine  and  quinine  a monacid 
value.  This  same  view  is  also  manifested  in  the  U.  S.  Pharmacopoeia 
by  the  nomenclature  which  it  adopts  for  the  salts  of  such  alkaloids 
as  quinine.  Thus  the  combination  of  one  molecule  of  quinine  and  one 

« Schimpf:  Manual  of  Volumetric  Analysis,  5th  ed.,  p.  502  (1909). 

^>Ibid.,  p.  498. 

cU.  S.  Pharmacopoeia  (1905),  pp.  555,  567,  568. 
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molecule  of  HCl,  (C20H24X2O2.HCI),  is  given  the  name  of  a normal  salt,® 
Avliile  the  combination  of  one  molecule  of  quinine  with  one  molecule 
of  sulphuric  acid  (C20H24X2O2.H2SO4)  is  called  an  acid  salt  ^ and 
that  of  two  molecules  of  quinine  to  one  of  sulphuric  acid  (0201124X202)2. 
H2SO4,  is  given  the  analogous  name  ^ (qiiinine  sulphate)  of  the  corre- 
sponding strychnine  salt/  strychnine  sulphate,  (0211122X202)2.112804. 
In  the  light,  however,  of  the  results  here  recorded  we  can  hardly 
look  upon  quinuie,  for  example,  as  a monacid  alkaloid,  certahily 
not  as  having  no  greater  combining  power  with  acids  than  strych- 
nine. For  we  here  see  that  under  the  identical  conditions  (see 
Table  XI)  under  which  strychnine  yields  a stable  combination 
(O21H22X2O2.HOI)  of  one  molecule  of  strychnine  to  one  molecule  of 
HCl,  one  molecule  of  quinme  (see  Table  ATII)  requires  two  molecules 
of  HCl  to  form  a stable  combination  (C2oH24X202.2HCl).  And  not 
only  is  this  chfference  seen  in  the  case  of  hydrocldoric  acid,  but 
the  same  difference  in  then  combining  power  with  acids  is  shovm 
also  m the  case  of  acetic  acid.  In  the  latter  case,  although  it  would 
seem  at  fu’st  (Table  X,  ISO  to  330  mhiutes)  as  showing  that  C|uinine 
is  a monacid  alkaloid  since  what  appears  as  the  comparatively  stable 
product  imder  these  cucumstances  contains  only  one  molecule  of  the 
monobasic  acid  (acetic  acid)  to  one  molecule  of  the  qimiine,  yet 
this  very  fact  may  be  used  in  illustrating  the  difference  between  the 
acid  combining  powers  of  quinme  and  strychnine  and  as  pointmg 
to  quinine  being  a diacid  alkaloid.  For  when  we  examme  the  cor- 
responding comparatively  stable  product  of  strychnine  imder  the 
same  conditions  (Table  XIII,  180  to  330  mhiutes),  we  see  that 
the  difference  of  one  molecule  of  the  monobasic  acid  still  holds, 
smce  the  stable  stryclmme  product  under  the  same  conditions  stih 
has  one  molecule  of  the  monobasic  acid  less  than  the  corresponding 
quinine  combination.  In  other  words,  we  see  that  the  same  ‘procedure 
(Table  XI)  which  yields  what  is  conceded  to  be  the  normal  hydro- 
chloride of  stryclmme  (C21H22X2O2.HCI)  gives  in  the  case  of  quinine 
(Table  YIII)  a salt  of  the  alkaloid  (C20H24X2O2.2HCI)  having  two  mole- 
cules of  the  HCl  to  one  of  the  alkaloid;  and  similarly,  the  same  pro- 
cedure which  yields  in  the  case  of  strychnine  (Table  XIII,  ISO  to  330 
minutes)  what  must  be  conceded  to  be  a basic  product  (since  it  is 
practically  the  pure  alkaloid)  yields  in  the  case  of  qiiinine  (Table  X, 
180-330  minutes)  a comparatively  stable  product  whose  composition 
corresponds  closely  to  that  of  one  molecule  of  the  monobasic  acid 
and  one  of  the  alkaloid  (C20H24X2O2.C2H4O2).  Therefore  it  would 
seem  more  in  harmony  with  the  results  here  presented  if  we  regarded 
the  salts  of  quinine,  for  example,  in  which  the  latter  acts  as  a diacid 

cibid.,  p.  377. 

^ Ibid.,  p.  427. 


®U.  S.  Pharmacopoeia  (1905),  p.  376. 
& Ibid.,  p.  374. 
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alkaloid,  as  the  normal  salts,  while  those  in  which  only  one  of  the  acid 
affinities  of  the  alkaloid  is  satisfied,  as  basic  salts. 

SUMMARY. 

1.  The  literature  is  briefly  reviewed  and  it  is  shown  that  although 
it  is  known  that  the  salts  of  most  of  the  alkaloids  can  be  estimated 
by  means  of  phenolphthalein  as  indicator,  no  application  of  this  fact 
to  the  estimation  of  the  purity  of  the  uncombined  alkaloids  as  found 
in  commerce  or  as  obtained  in  the  course  of  the  various  pharma- 
copoeia! assays,  has  been  made  where  the  phenolphthalein  is  used  as 
the  only  indicator  and  hence  as  the  controlling  factor  of  the  accuracy 
of  the  titration. 
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pharmacopoeial  assays,  if  instead  of  dissolving  the  alkaloid  in  an 
excess  of  sulphuric  acid,  as  is  usually  done,  an  excess  of  a volatile 
acid  be  employed,  such  as  hydrochloric  acid,  a definite  amount  of  the 
acid  proportional  to  the  amount  of  alkaloid  present  would  become 
fixed  by  combining  with  the  alkaloid  and  which  combination  of 
alkaloid  and  acid  might  be  found  stable  at  the  temperature  employed 
for  volatilizing  the  excess  of  acid  remaining  free.  In  the  present 
communication  the  alkaloids  quinine,  quinidine,  cinchonine,  cincho- 
nidine,  and  strychnine  are  taken  up,  and  it  is  shown  that  fairly  close 
results  may  be  obtained  by  such  procedure,  whether  we  use  the 
alkalimetric  method  with  the  aid  of  phenolphthalein  or  determine 
the  chlorine  in  the  solution  by  means  of  Yolhard’s  thiocyanate 
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of  a large  number  of  different  indicators)  should  furnish  conclusive 
evidence  as  to  the  exact  relation  of  the  various  alkaloids  to  acids, 
i.  e.,  their  combining  power  with  acids,  a subject  which  appears  to 
still  remain,  at  least  as  far  as  some  of  the  alkaloids  are  concerned, 
surrounded  by  uncertainty.  Thus  the  results  obtained  with  strych- 
nine and  quinine,  for  example,  show  that  the  view  that  both  quinine 
and  strychnine  are  monacid  alkaloids  is  not  in  entire  harmony  with 
these  facts,  and  that  it  is  perhaps  more  rational  to  look  upon  the 
salts  of  quinine,  for  example,  in  which  the  latter  acts  as  a diacid 
alkaloid  as  the  normal  salts  (instead  of  acid  salts),  while  those  in 
which  only  one  of  the  acid  affinities  of  the  alkaloid  is  satisfied  (at 
present  generally  regarded  as  the  normal  salts),  as  basic  salts. 
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The  active  principle  of  the  adrenal  gland,  like  some  of  the  other 
internal  secretions,  is  unique  in  its  action.  It  is  supposed  to  fulfill 
a function  both  in  normal  and  in  pathological  conditions  of  the 
human  body  that  makes  it  a substance  of  the  greatest  interest.  But 
aside  from  the  importance  that  attaches  to  it  because  of  this,  adrenalin 
has  come  to  hold  a place  in  therapeutics  which,  until  recently,  could 
not  be  filled  by  any  other  known  compound.  Soon  after  the  dis- 
covery of  its  physiological  action,  adrenal  extract  came  into  exten- 
sive use  as  a st}q)tic  and,  to  a more  limited  extent,  for  other  purposes. 
With  the  discovery  of  methods  for  the  isolation  of  the  pine  principle 
of  the  gland,  a still  wider  field  of  usefulness  was  fomid  for  it  as  a 
drug,  whereupon  numerous  preparations  were  placed  upon  the  market 
and  manufactining  fu’ms  widely  advertised  the  importance  of  the 
pure  product.  The  different  preparations,  however,  varied  greatly  in 
physiological  activity — some  even  being  worthless,  this  being  due  partly 
to  a lack  of  care  in  the  process  of  preparation  and  partly  to  the  nature 
of  the  container  and  solvent  used  in  bottling  the  extract.  Intrave- 
nous injections  of  the  active  principle  have  been  suggested  in  cases  of 
surgical  shock,  and  for  such  it  is  a matter  of  the  greatest  moment 
that  the  solution  be  of  a known  concentration.  Obviously,  too  weak 
a preparation  would  fail  to  produce  the  desired  effect  and  too  strong 
a solution  might  not  only  tlmow  too  great  a strain  upon  an  already 
weak  heart,  but  cause  an  after  depressing  effect  no  less  dangerous. 

It  is  evident,  therefore,  that  every  container  should  be  so  stamped 
as  to  indicate  not  only  the  actual  strength  of  the  solution  in  terms 
of  pure  base,  but  it  should  be  standardized  pharmacologically  against 
a preparation  of  known  purity,  and  each  package  so  labeled  and 
dated.  At  least  this  should  be  done  with  solutions  intended  for 
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purposes  of  injection,  so  that  the  physician  or  surgeon  might  be 
insured  against  the  possibility  of  securing  a solution  of  unknown 
strength. 

Deteriorated  solutions  and  preparations  made  from  the  natural 
base  of  uncertain  purity  have  not  been  the  only  sources  of  trouble. 
Not  long  since,  synthetic  dl-adrenalin  was  placed  upon  the  market 
and  the  most  positive  claims  made  in  its  behalf.  It  was  represented 
as  having  even  a little  more  pronounced  action  than  natural  1-adren- 
alin, and  these  claims  were  supported  by  what  seemed  to  be  researches 
by  expert  pharmacologists.  Herein  will  be  found  data  which  fail  to 
coincide  with  the  claims  made  for  dl-adrenalin.  The  investigation 
has  been  carried  on  in  view  of  the  fact  that  physiological  methods 
are  necessary  in  assaying  adrenalin-like  bodies.  A comparison  of 
the  relative  values  of  various  methods  has  also  been  made,  together 
with  an  effort  to  improve  if  possible  these  methods. 

HISTORICAL. 

The  early  discovery  of  the  vaso-constrictor  action  of  the  adrenal 
extract  by  Oliver  and  Schafer  (61)  and  by  Szymonowicz  and  Cybul- 
skiego  (70  and  71)  introduces  an  epoch  in  physiological  science,  the 
development  of  the  chemistry  and  physiology  of  which  is  scarcely 
less  interesting  than  that  represented  by  the  modern  theory  of 
physiological  oxidations. 

Abel  and  others,  by  their  extensive  chemical  research,  opened  up 
the  way  for  the  discovery  of  the  active  principle  which  was  finally 
separated  by  Takamine  and  by  Aldrich.  Soon  after  enough  data 
had  accumulated  to  warrant  an  attempt  at  synthesizing  adrenalin. 
Stolz  succeeded  in  making  the  dl-product  which  was  found  somewhat 
different  from  the  natural  base,  and,  finally,  Flacher  split  the  dl- 
compound  into  its  dextro-  and  levo-  components,  the  latter  of  which 
is  said  to  be  identical  in  every  respect  with  the  levoadrenalin  obtained 
from  the  adrenal  gland. 

The  physiology  of  the  adrenal  glands  alone  covers  a field  of  no  mean 
proportions,  and  it  is  more  or  less  closely  associated  with  a still 
larger  number  of  articles  on  the  therapeutic  and  toxic  action  of 
adrenalin.  Since,  however,  the  studies  to  be  described  are  for  the 
most  part  quantitative  in  character,  it  seems  advisable  to  limit  refer- 
ences as  far  as  possible  to  methods  and  results  that  are  more  or  less 
quantitative  which  deal  with  the  physiological  action  of  adrenalin 
and  closely  allied  compounds.  Comprehensive  resumes  of  the  litera- 
ture dealing  with  the  adrenals,  adrenalin  and  its  homologues,  may  be 
found  in  the  excellent  papers  by  Hultgren  and  Anderson  (40),  Abel 
(2  and  3),  Aldrich  (4),  Moller  (58),  Davis  (22),  Vincent  (74),  Rolleston 
(64),  and  Schafer  (65). 
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The  early  anatomists  observed  that  the  juice  of  the  medullary  sub- 
stance of  the  capsulse  atrabilianx  (suprarenals)  darkened  upon  expo- 
siue  to  the  air,  and  called  it  atra  hilis.  It  was  not,  however,  until  the 
nineteenth  century  that  light  was  shed  upon  the  cause  of  this  color 
change.  In  1856  Vulpian  (75)  observed  that  the  medullary  juice  of 
the  suprarenals  tiuned  emerald  green  and  rose  carmine  when  brought 
into  contact  with  ferric  chloride  and  iodine,  respectively.  These 
reactions  were  characteristic  of  this  organ,  and  at  once  led  to  the  sur- 
mise that  the  medulla  of  the  gland  contained  a substance  of  physio- 
logical importance. 

Pellacani  (62)  as  early  as  1879  performed  in  Foa’s  laboratory  a 
series  of  very  interesting  experiments  with  extracts  of  the  fresh 
organs,  among  which  was  a series  of  injections  of  adrenal  extract  into 
various  animals.  The  capsules  were  excised,  ground  up  in  a mortar, 
and  to  this  mass  was  added  distilled  water  sufficient  to  filter,  but  not 
exceeding  the  amount  needed  for  the  injection.  This  liquid  extract 
was  filtered  through  linen  and  then  paper,  after  which  it  was  imme- 
diately injected.  The  greatest  care  was  exercised  both  in  the  making 
of  the  extracts  and  in  the  preparation  of  the  instruments,  the  latter 
being  immersed  in  strong  alcohol.  Subcutaneous  injections  were 
made  into  dogs,  cats,  rabbits,  guinea  pigs,  and  frogs.  A rise  of  tem- 
perature did  not  always  occur,  and  in  some  of  the  animals  there  was  a 
lowering  of  temperature,  followed  by  death  in  from  twelve  to  thirty 
hours  for  the  more  rapid  cases  of  intoxication.  The  symptoms 
were  general  excitement,  followed  by  paralysis,  both  sensory  and  motor, 
increasing  weakness  of  the  heart,  lowering  of  temperature,  4-5°,  fol- 
lowed by  death.  It  is  strange  that  PeUacani  should  have  secured 
such  characteristic  adrenalin  effects  and  yet  observed  that  subcu- 
taneous injections  were  more  toxic  than  intra-peritoneal  ones,  and 
that  both  of  these  methods  of  injection  caused  more  pronounced  and 
quicker  effects  than  intravenous  injections.  Although  he  used  ex- 
tracts of  organs  other  than  the  adrenals,  he  found  the  latter  to  be 
more  toxic  and  the  following  organs  to  be  progressively  less  active: 
Muscle,  liver,  kidney,  brain,  milt.  Five  grams  of  clear  extract  of 
two  suprarenals  of  rabbits  injected  into  a 770-gram  guinea  pig 
caused  death  after  twelve  hours.  Eighteen  to  twenty  cubic  centi- 
meters of  extract  of  cat  or  guinea-pig  adrenals  proved  very  toxic  for 
rabbits,  whereas  a higher  dose,  1 gram,  of  lamb  or  heifer  suprarenal 
extract  was  necessary  to  cause  a like  degree  of  toxicity. 

Mattei  (53)  repeated  Pellacani’s  experiments,  but  arrived  at  very 
different  conclusions.  In  his  conclusions  he  states  that  water  ex- 
tracts of  fresh  organs  injected  into  different  animals  does  not  cause 
any  toxic  action.  The  animals  that  die  do  so  because  of  the  after 
effects  of  the  soluble  organic  matter  of  the  decomposed  tissues,  which 
later  cause  septicemia. 
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Foa  and  Pellacani  (32)  in  1883  confirmed  Pellacanifi  earlier  results 
and  removed;  as  they  supposed;  the  infiuence  of  fibrin  ferment  by 
heating  the  extracts  to  60°.  They  found  the  toxic  substance  to 
be  very  soluble  in  water  and  alcohol,  but  rather  insoluble  in  ether 
and  chloroform.  lYhereupon  they  purified  the  water  extract  as  fol- 
lows: The  capsules  were  minced  and  put  in  boiling  water;  after  a 
time  the  water  was  decanted,  evaporated  to  dryness,  and  the  residue 
treated  with  alcohol,  the  almost  colorless  alcohol  solution  evaporated 
to  drvness  and  again  taken  up  with  water,  thus  leaving  behind  most 
of  the  unpurities.  Upon  evaporating  this  solution  a dark  residue 
of  a peculiar  odor  and  of  very  acid  reaction  was  obtained.  One 
gram  of  this  substance  injected  into  dogs  caused  death,  whereas 
the  extracted  pulp  of  the  capsule  was  relatively  inert.  These  inves- 
tigators came  to  the  conclusion  that  there  is  an  active  poison  in  the 
adrenal  gland  independent  of  fibrin  ferment  which  causes  extreme 
prostration,  collapse,  motor  and  sensory  paralysis,  and  death  from 
asphyxia  because  of  paralysis  of  the  medulla  oblongata,  especially 
the  respiratory  center.  After  examining  the  original  articles  of 
these  early  writers  it  seems  that  more  credit  should  be  given  to  their 
work  than  is  usually  found  in  literature,  for  they  certainly  described 
symptoms  of  poisoning  very  characteristic  of  adrenalin. 

Krukenberg  (44)  (1885)  assumed  that  the  substance  giving  color 
with  ferric  chloride  is  not  the  chromogenic  substance  of  Yulpian, 
but  more  likely  pyrocatechin  accompanying  the  chromogen. 

Marino-Zuco  (52)  (1888)  after  freeing  50  capsules  from  fat,  ground 
and  macerated  them  in  1,000  c.  c.  of  distilled  water  heated  in  a 
water  bath  for  several  hours.  The  nfixture  was  strained,  evapo- 
rated on  a water  bath,  and  filtered,  the  resulting  solution  being  slightly 
acid  and  red  in  color.  This  extract,  diluted  to  200  c.  c.,  and  1 c.  c. 
injected  subcutaneously  into  rabbits,  caused  death  in  five  minutes. 
If,  however,  the  extract  were  treated  with  acid  or  alkali,  it  was  in- 
effective, even  in  large  doses.  The  presence  of  neurine  alone  does 
not  explain  the  toxic  action  of  the  pure  extract,  but  in  combination 
vfith  very  acid  phosphates  it  may,  at  least  when  made  artificially, 
prove  very  toxic. 

Guamieri  and  Marino-Zuco  (35)  (1888)  made  an  extract  of  10 
beef  suprarenals  in  60  c.  c.  of  water  and  injected  1 c.  c.  into  medium- 
sized rabbits,  causing  death  m a very  short  time.  Treatment  of 
the  extract  vfith  acids  and  other  reagents  lessened  the  activity  of 
the  extract  when  intravenously  injected.  From  these  results  they 
concluded  the  toxicity  of  the  aciueous  extracts  was  due  primarily  to 
neurine  (which  I believe  is  now  generally  conceded  to  have  been 
choline)  and  organic  phosphates. 

It  is  interesting  to  know  that  Dzierzgowski  (27  and  28)  as  early 
as  1893  synthesized  a number  of  catechol  derivatives  closely  related 
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to  the  ones  discussed  in  this  paper.  The  work,  however,  did  not 
attract  much  attention  at  the  time  and  seems  to  have  been  lost  sight 
of,  their  physiological  activity  not  having  been  tested  by  him. 
Even  Stolz,  who  was  familiar  with  the  work,  does  not  give  Dzierz- 
gowski  and  his  contemporaries  the  credit  they  deserve  for  their  pioneer 
work  with  these  compounds.  Among  some  of  the  compounds 
s}mthetized  by  Dzierzgowski  are  dimethyl-amido-aceto-catechol, 
anilido-aceto-catechol,  methyl-anilido-aceto-catechol,  quinolin-,  pyri- 
din-,  and  piperidin-  aceto-catechol,  aceto-chloro-aceto-  and  chlor- 
propio-c  at  echol . 

Gluzihski  (34)  (1895)  removed  aseptically  the  adrenals  of  recently 
killed  oxen,  calves,  hogs,  rabbits,  and  dogs;  weighed  and  ground 
them  up  vdth  broken  glass.  One  part  of  the  pulp  was  allowed  to 
macerate  eight  to  twelve  hours  in  a cold  50  per  cent  aqueous  solution 
of  glycerine.  The  solution  was  filtered  through  sterilized  glass  wool 
and  the  clear  extract  injected  from  a sterilized  syringe  into  the  ear 
vein  of  a rabbit.  In  one  minute  0.3  to  1 gm.  killed  a 1,500  gm. 
rabbit.  The  extract  heated  to  100°  for  one  hour  retained  its  tox- 
icity, causing  hemiplegia,  loss  of  sensibility,  cramps  of  anterior  part 
of  body,  opisthotonus,  rapid  breathing,  dilation  of  the  pupil,  and, 
finally,  symptoms  of  dyspnoea,  general  paralysis,  and,  unless  artificial 
respiration  were  admuiistered,  death  from  asphyxia. 

Moore,  B.  (59)  (1895),  basing  his  opinion  on  experiments  which 
indicated  that  such  chemical  operations  as  destroy  the  color  reac- 
tions by  oxidizing  the  reducing  agent  likevdse  alter  the  physio- 
logical activity  of  the  extract,  concluded  that  Yulpian^s  chromogen 
and  the  active  principle  are  identical. 

Dubois  (25)  (1896)  used  an  extract  of  fresh  suprarenals  of  rats 
ground  in  equal  volumes  of  alcohol  and  distilled  water  and  allowed 
to  remain  twenty-four  hours  in  glycerine.  He  concludes  that  such 
extracts  contain  two  substances,  one  soluble  in  alcohol  at  90°, 
causing  vaso-dilation  and  congestion;  the  other,  very  soluble  in  this 
reagent,  causing  paralysis,  depression  of  the  heart,  and  death  from 
asphyxia. 

Frankel  (33)  (1896)  separated  what  he  supposed  to  be  the  active 
principle,  calling  it  ^^sphygmogenin, ’’  and  observed  that  a close 
relation  existed  between  the  ease  with  which  the  substance  is  oxi- 
dized and  its  physiological  activity.  He  suggested  that  ‘Aphygmo- 
genin”  is  a pyrocatechin  derivative,  and  although  he  and  Kruken- 
berg  were  in  a measure  correct  it  is  now  knovm  that  FrankeFs  product 
was  a mixture. 

Vincent,  S.  (73)  (1897),  performed  a series  of  80  experiments  with 
rabbits,  guinea  pigs,  rats,  mice,  frogs,  and  toads.  The  extract  was 
made  by  boilmg  a short  time  and  filtering  the  chopped-up  gland, 
although  a dried  gland,  glycerine,  or  alcoholic  extract  was  some- 
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times  used.  Five-tenths  gram  of  the  fresh  gland  in  the  form  of  a glyc- 
erine extract  injected  into  the  dorsal  lymph  sack  of  the  frog  caused  im- 
mediate paralysis,  from  which  the  animal  soon  recovered,  doses  up  to 
3 gm.  not  proving  fatal.  With  toads  much  larger  doses  were  required 
to  produce  corresponding  symptoms.  Doses  equivalent  to  1.5  and 
3 gm.  of  fresh  gland  caused  in  rats  the  usual  cardiac,  respiratory, 
and  nervous  symptoms,  some  of  the  animals  recovering,  others 
d}dng  from  failure  of  respiration.  Guinea  pigs  of  average  weight 
were  injected  with  an  equivalent  of  6 gm.  of  fresh  gland,  the  symp- 
toms being  practically  the  same  as  for  cats  and  mice,  except  that 
the  urine  of  the  former  was  more  blood  colored  (with  or  without  corpus- 
cles) . The  fatal  dose  for  rabbits  can  not  be  stated,  since  they  vary  so 
much  in  reaction.  Unlike  the  guinea  pig,  which  becomes  very  restless, 
the  rabbit  grows  drows}”  and  listless.  Small  initial  doses  followed 
by  one  that  was  usually  fatal  for  fresh  rabbits  no  longer  proved  to 
be  so.  Vincent  thinks  that  a partial  immunity  (tolerance)  is  estab- 
lished toward  the  toxic  action  of  the  extract,  which  passes  off  after 
a few  weeks. 

In  the  meanwhile  Abel  (1899),  Von  Furth,  and  others  had  been 
working  upon  the  chemistry  of  the  active  principle.  The  former 
isolated  a substance  which  he  called  ^ ^ epinephrin ; ” the  latter  a 
substance  which  he  called  ^^suprarenin.*’  A controversy  arose  as  to 
which  was  the  active  principle.  As  a matter  of  fact,  neither  chemist 
seemed  to  be  working  with  the  pure  substance.  They  did,  however, 
throw  much  light  upon  the  chemistry  of  the  compound,  and  prepared 
the  way  for  its  separation  by  Takamine  (72)  (1901)  and  by  Aldrich  (4) . 

Moore  and  Purinton  (60)  (1899)  criticized  the  idea  of  epinephrin 
(Abel),  suprarenin  (Von  Furth),  and  the  other  so-called  pure  products 
being  the  active  principle.  They  record  a rise  of  blood  pressure  after 
intravenous  injections  of  the  crude  medullary  extract  in  doses 
ranging  from  0.245  to  24  millionths  of  a gram  per  kilo.  This,  they 
maintain,  represents  a physiological  activity  far  in  excess  of  any  of 
the  so-called  active  principles. 

In  reply  to  Moore  and  Purinton’s  criticism.  Hunt  (41)  determined 
the  minimal  amounts  of  Abel’s  epinephrin  sulphate  necessary  to 
cause  a rise  of  blood  pressure,  finding  that  even'so  small  an  amount 
as  0.083  millionths  of  a gram  per  kilo  body  weight  caused  a rise  of 
5 mm.  of  mercury,  and  0.23  millionths  of  a gram  per  kilo,  a rise  of 
7 mm.  The  duration  of  the  injection  period  (in  this  case  two  to 
five  seconds)  was  found  a very  important  factor  in  determining  the 
degree  of  vaso-constriction  resulting  from  a given  dose  of  adrenalin. 
One  and  one-tenth  millionths  of  a gram  per  kilo  injected  rapidly 
might  cause  a rise  of  blood  pressure  equal  to  14  mm.  of  Hg.,  whereas 
double  this  dose  injected  slowly  caused  a rise  equivalent  to  but  8 mm. 
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of  Hg.  Hunt  maintains  that  these  results  justify  AbePs  contention 
that  epinephrin  is  the  active  principle. 

Cybulskiego  (19)  found  that  1 c.  c.  of  a 10  per  cent  solution  of  the 
extract  injected  into  the  vein  of  a rabbit  caused  death,  but  if  this 
solution  were  diluted  ten  to  twenty  times  the  same  dose  of  adrenalin 
was  borne  without  any  untoward  effects. 

Bouchard  and  Claude  (14)  (1902)  experimented  with  a small  num- 
ber of  animals,  finding  that  the  lethal  dose  may  be  only  0.5  or  0.2  mg. 
per  kilo,  an  animal  occasionally  withstanding  an  intravenous  injec- 
tion of  as  much  as  1 mg.,  2 mg.  usually  proving  fatal.  The  lethal  dose 
for  rabbits  therefore  lies  between  1 and  2 mg.  per  kilo.  Provided 
there  was  a gradual  increase  of  each  successive  dose  until  a maximum 
was  reached,  they  could  inject  as  much  as  4 mg.  per  kilo  without  any 
untoward  effects  other  than  temporary  paresis  such  as  is  brought  on 
by  an  initial  dose  of  1 mg. 

Battelli  (7)  (1902),  using  a slight  modification  of  Takamine’s 
method,  claims  to  have  secured  adrenahn  even  more  pure  than  that 
obtained  by  Takamine.  Battelli  (9)  injected  this  preparation  sub- 
cutaneously into  rabbits,  guinea  pigs,  and  frogs  with  the  following 
results:  With  a corresponding  number  of  guinea  pigs  10  mg.  per 

kilo  proved  to  be  the  lethal  dose.  On  the  other  hand,  frogs  were 
ten  times  more  resistant  than  rabbits,  1,000  mg.  killing  only  three 
out  of  four. 


Dose  per 
kilo. 

Number  of 
rabbits  in- 
jected. 

Number  of 
animals 
died. 

Mg. 

2 

5 

0 

10 

6 

5 

20 

3 

■ 3 

He  also  (8)  (1902)  notes  that  Gluzihski  in  1895  called  attention 
to  the  fact  that  intravenous  injections  were  more  toxic  than  sub- 
' cutaneous  ones.  Battelli  experimented  with  what  he  considered  a 
very  pure  product,  using  adrenalin  base  dissolved  in  water  acidulated 
with  hydrochloric  acid  and  neutralized  with  NagCOg  just  before  inject- 
ing into  the  femoral  vein,  and  obtained  the  following  results : 

Rabbits — 0.1  mg.  per  kilo,  not  lethal. 

0.2  mg.  per  kilo,  1 out  of  5 died. 

0.4  mg.  per  kilo,  3 out  of  4 died. 

0.6  mg.  per  kilo,  always  lethal. 

Guinea  pigs — 0.05  mg.  per  kilo,  not  lethal. 

0.10  mg.  per  kilo,  2 out  of  5 died. 

0.20  mg.  per  kilo,  always  lethal. 

The  toxic  dose  for  the  rabbit  and  guinea  pig  was  about  the  same 
when  the  injection  was  made  into  the  jugular  vein  of  the  rabbit 
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and  into  the  femoral  vein  of  the  guinea  pig,  death  ensuing  from 
oedema  of  the  lungs  or  fibrillation  of  the  heart.  Summing  up  his 
work,  he  concludes  that  intravenous  injections  are  about  forty  times 
as  potent  as  subcutaneous  ones. 

Eeckhout  (26)  is  quoted  as  finding  the  lethal  dose  of  adrenalin  to 
be  0.08  to  0.06  mg.  per  kilo.  In  the  original  paper,  however,  I find 
that  this  lethal  dose  is  calculated  from  doses  that  accidentally  caused 
death  in  animals  previously  injected  vdth  morphine  and  atropine 
and  anaesthetized  vdth  chloroform,  wliich,  according  to  later  writers, 
renders  the  animals  less  resistant  to  adrenahn. 

Amberg  (5  and  6)  (1902)  compared  the  toxicity  of  Abel’s  epine- 
phrin  with  the  commercial  product  made  by  Takamine’s  method,  and 
found  that  Abel’s  sample  dissolved  completely,  whereas  only  517.7 
mg.  of  the  commercial  product  dissolved  in  18  c.  c.  of  HgO,  leaving 
behind  4.6  mg.  of  sediment.  After  studying  the  effect  of  subcu- 
taneous injections  upon  9 dogs  and  intravenous  injections  upon  16, 
he  concluded  that  the  lethal  intravenous  dose  lay  between  0.99  and 
2 mg.  per  kilo,  subcutaneous  injections  of  4.9  mg.  per  kilo  not  proving 
lethal,  though  6 mg.  or  more  per  kilo  were. 

Lesage  (47,  48,  and  49)  (1904)  does  not  state  by  what  process  his 
adrenalin  was  made,  but  judging  from  the  size  of  the  lethal  dose  it 
must  have  been  a very  good  one.  From  a stock  solution  containing 
0.04  gm.  adrenahn,  40  gm.  H2O,  and  1 drop  of  HCl  he  made  a 1 : 20,000 
solution  to  be  used  for  intravenous  injection. 

Rabbits — 0.05  mg.  per  kilo,  signs  of  intoxication. 

0.20  mg.  per  kilo,  lethal  (4  animals). 

Dogs — 0.05  mg.  per  kilo,  not  toxic. 

0.12  mg.  per  kilo,  sometimes  lethal. 

0.20-0.25  mg.  per  kilo,  usually  lethal  (4  out  of  6). 

Cats — 0.50-0.81  mg.  per  kilo,  lethal  (6  animals  survived  after  5 injections  of  0.25 
mg.  and  1 of  0.50  mg.  per  kilo). 

With  the  larger  doses,  0.26  mg.  per  kilo,  he  observed  that  the  dogs 
usually  died  from  asphyxia,  but  when  0.20  mg.  per  kilo  was  fatal  ^ 
they  usually  died  from  heart  failure.  In  general,  anesthetics  aug- 
mented the  toxic  action  and  sublethal  doses  of  adrenalin  rendered 
the  animals  resistant  to  doses  that  ordinarily  proved  fatal  for  normal 
animals.  He  concludes  that  there  is  a considerable  variation  in  the 
susceptibility  of  one  individual  as  compared  with  another,  and  a still 
greater  variation  for  different  species. 

Baylac,  J.  (10)  (1905),  working  with  a 1 : 1,000  solution  of  adrenalin, 
found  that  the  lethal  dose  varies  with  the  species  and  accordmg  to 
the  manner  of  its  injection.  The  lethal  subcutaneous  dose  as  deter- 
mined on  6 guinea  pigs  and  6 rabbits  is  estimated  at  100  mg.  per  kilo 
and  20  mg.  per  kilo,  respectively.  On  the  other  hand^  he  estimated 
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from  experiments  with  5 rabbits  that  the  lethal  intravenous  dose 
is  about  0.06  mg.  per  kilo,  although  0.03  mg.  per  kilo  may  prove 
very  toxic.  An  intrapleural  injection  of  2 mg.  per  kilo  or  the 
same  amount  injected  intraperitoneall}^  into  guinea  pigs  may  prove 
fatal. 

Up  to  this  time  toxicity  experiments  and  blood  pressure  determi- 
nations were  primarily  (pialitative  in  nature,  yet  they  furnish  a most 
reliable  index  of  the  relative  purity  and  activity  of  adrenal  extracts, 
and  of  the  pure  products  of  the  active  principle  thus  far  made. 

Houghton  (38),  however,  in  1901,  emphasized  the  usefulness  of 
quantitative  determinations  by  the  blood-pressure  method  and  pub- 
lished records  illustrating  the  relative  effect  of  different  volumes 
of  the  same  solution  injected  subcutaneously.  In  1902  (39)  he 
proved  this  method  one  of  the  most  accurate  means  of  assaying 
adrenalin.  Three  solutions.  A,  B,  and  C,  were  used,  one  containing 
85,  one  40,  and  another  130  per  cent  of  adrenalin  in  a given  solution. 
An  assistant  reported  that  A contained  80,  B 40,  and  C 135  per  cent 
of  the  amount  in  the  1-aiovm  solution.  It  was  also  found  that  Taka- 
mine’s  crystalline  product  was  from  600  to  800  times  as  active  as  the 
best  aqueous  extracts  of  freshl}^  prepared  glands. 

Lawen  (46)  in  1903  studied  the  quantitative  effect  of  adrenalin 
upon  the  blood  vessels  of  frogs.  The  brain  and  spinal  cord  were 
destroyed  and,  by  measuring  the  outflow  from  the  vessels  subjected 
to  a given  pressure  vdth  a known  solution,  he  determined  the  relative 
vaso-constrictor  action  of  the  different  adrenalin  solutions.  With  a 
pressure  equivalent  to  30  c.  c.  of  HgO  the  frogs  lasted  about  two  hours. 
Two  ten- thousandths  of  a milligram  of  suprarenin  in  a concentration 
of  2:100,000,000  constricted  the  blood  vessels  of  a 50-gram  frog  so 
that  the  outflow  was  reduced  20  to  37  per  cent.  In  other  experi- 
ments it  was  determined  what  pressure  in  excess  of  the  minimum  was 
necessary  to  overcome  the  increased  resistance  due  to  vaso-constric- 
tion.  By  these  experiments  Lawen  not  only  could  study  solutions 
quantitatively,  but  could  even  detect  the  differences  between  fresh 
solutions  and  those  that  had  been  standing  for  some  time. 

L^p  to  this  time  little  attention  had  been  given  to  the  possibility 
of  using  particular  organs  for  assaying  adrenalin,  but  observations 
made  by  the  following  writers  eventually  led  to  the  idea  that  possibly 
the  eye  or  separate  strips  of  muscle  might  prove  serviceable. 

In  1904  Meltzer  and  Auer  (54),  Lewandowsky  (50),  Boruttau  (13), 
and  Langley  (45)  confirmed  Foa’s  observation  that  adrenalin  extract 
intravenously  injected  causes  dilation  of  the  pupil  and  that  subcuta- 
neous injections  have  no  effect.  It  is  assumed  that  the  extract  is 
oxidized  in  the  lymph  spaces  before  it  reaches  the  neuro-muscle 
apparatus  and  effects  dilation.  Meltzer  (54)  states  that  Ms  extensive 
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experience  with  subcutaneous  injections  of  adrenalin  in  normal 
rabbits  warrants  the  conclusion  that  dilation  does  not  occur  unless 
the  dose  is  large  enough  to  cause  asphyxia.  If,  however,  the  superior 
cervical  ganglion  is  excised,  even  a moderate  dose,  0.6  c.  c.  of  a 1 : 1,000 
solution,  vdll  cause  the  pupil  on  the  side  from  wliich  the  ganglion  is 
removed  to  become  dilated  od  maximum.  Radziejewski  (63)  was  one 
of  the  first  to  claim  that  adrenalin  instilled  into  the  eye  exerts  no 
effect  upon  the  pupil,  and  this  idea  is  supported  by  Lewandowsky 
(1889),  Boruttau,  Meltzer,  Loevd,  Ehrmann,  etc.  Meltzer  (55), 
however,  finds  that  removal  of  the  superior  cervical  ganglion  and 
instillations  of  adrenalin  twenty-four  hours  later  made  the  pupil  dilate 
in  proportion  to  the  amount  of  adrenalin  instilled.  After  four  or  five 
instillations,  two  drops  every  two  or  three  minutes,  the  dilation  can 
be  ad  maximum,  lasting  several  hours  in  rabbits  and  cats  (54). 

Meltzer  and  Auer  (56)  in  a later  series  of  experiments  showed  that 
adrenalin  subcutaneously  injected  into  frogs  or  instilled  into  the  eye 
dilated  the  pupil  vddely,  the  vertical  axis  being  affected  most.  Three 
drops  of  a 1 : 1,000  solution  instilled  by  pusliing  a fine  pipette  between 
the  bulbus  and  the  lid  caused  very  marked  dilation  in  three  to  seven 
minutes,  which  lasted  as  long  as  if  subcutaneous y injected.  To 
eliminate  the  possibility  of  the  drug  being  absorbed  by  the  skin  the 
bulbus  was  excised  and  adrenalin  dropped  upon  the  corneal  surface. 
There  was  prompt  dilation,  which  lasted  many  hours.  As  a result  of 
tills  work  the  writers  suggested  that  ‘‘the  frog’s  eye  excised  or  in  situ 
might  prove  to  be  a better  reagent  than  the  blood  pressure  to  demon- 
strate the  efficiency  of  a suprarenal  preparation.” 

Wessely  (76)  (1905-6)  reinvestigated  the  action  of  adrenalin  upon 
the  intraocular  pressure  and  upon  the  pupil.  He  found  that  instilla- 
tions of  adrenalin  into  the  eyes  of  vertebrates  causes  dilation,  provided 
the  strength  of  the  solutionis  increased  to  suit  the  animal  experimented 
vdth.  For  man  a 1 per  cent  solution  is  accompanied  by  danger,  and  a 
0.1  per  cent  solution  is  too  weak  to  cause  mydriasis. 

Schultz  (66)  also  showed  that  adrenalin  instilled  into  the*  eyes 
of  mammals  always  causes  dilation  of  the  pupil.  The  degree  of 
mydriasis  resulting  from  a given  amount  of  adrenalin  depends, 
however,  upon  the  intensity  of  light  stimuli  and  upon  the  kind  of 
animal  used.  There  is,  so  to  speak,  a kind  of  antagonism  between 
the  processes  set  up  by  the  light  stimuli  and  those  initiated  by 
adrenalin.  So  that  animals  with  a sensitive  and  more  highly  devel- 
oped light-accommodating  mechanism  require  a longer  period  of 
instillation  and  a greater  amount  of  adrenalin  to  cause  mydriasis 
than  those  vdth  eyes  less  sensitive  to  light. 

Ehrmann  (29)  (1905)  used  the  method  suggested  by  Meltzer  (56), 
and  thinks  to  have  ruled  out  the  influence  of  the  sympathetic  im- 
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pulses,  the  presence  of  which  is  held  to  prevent  imnlriasis.  The 
enucleated  frog’s  bulbus  placed  in  a small  vessel  of  5 c.  c.  capacity 
with  a knovTi  amount  of  adrenalin  was  compared  with  controls  in 
physiological  saline.  He  mentions  that  there  is  considerable  indi- 
vidual variation,  but  in  the  subsequent  paragraphs  and  the  reviews 
of  his  article  this  factor  is  lost  sight  of.  The  pupil  dilated  to  a 
maximum  in  a solution  of  0.001  mg.  and  0.0001  mg.  per  c.  c.  pro- 
duced distinct  dilation.  Having,  as  he  thinks,  proved  the  delicacy 
of  the  test  object,  he  then  determines  the  adrenalin  content  not 
only  of  the  blood  after  an  intravenous  injection  of  adrenalin,  but 
even  determines  that  the  adrenals  secrete  into  the  blood  a percep- 
tible amount  of  adrenalin.  He  overlooks,  however,  the  fact  that  in 
the  blood  there  are  other  substances  that  cause  the  pupil  to  dilate, 
not  to  mention  certain  factors  discussed  later  which  enter  in  to 
justify  the  severest  criticism  of  his  technique  and  conclusions. 

Meyer  (57)  (1906),  by  suspending  strips  of  beef’s  subclavian  and 
carotid  arteries  in  adrenalin  solutions,  concludes  that  with ; 

1 gm.  of  adrenalin  to  one  thousand  million  c.  c.  of  oxygenated  Ringer,  contraction 
may  occur. 

1 gm.  of  adrenalin  to  one  hundred  million  c.  c.  of  oxygenated  Ringer,  contraction 
usually  but  not  always  occurs. 

1 gm.  of  adrenalin  to  fifty  thousand  c.  c.  of  oxygenated  Ringer,  maximal  contrac- 
tion usually  occurs. 

1 gm.  of  adrenalin  to  one  hundred  c.  c.  of  oxygenated  Ringer,  maximal  contraction 
may  occur. 

He  maintains  that  the  method  is  a quantitative  one,  and  along 
with  other  interesting  statements  says  that  strips  exposed  to  rather 
concentrated  solutions  of  adrenalin  (1:10,000)  for  eight  minutes, 
removed,  vdped  dry,  and  then  hung  in  20  c.  c.  of  fresh  Ringer  solu- 
tion for  five  minutes  diffuses  sufficient  adrenalin  into  the  new  solu- 
tion to  stimulate  fresh  strips  quantitatively  equivalent  to  a one  to 
twenty  million  solution. 

By  this  time  sufficient  chemical  data  had  accumulated  to  war- 
rant attempts  to  synthesize  adrenalin.  Stolz  (68)  and  Dakin  (21) 
succeeded,  independently,  in  making  substances  closely  allied  to  this 
product,  among  which  proved  to  be  dl-adrenalin.  The  discovery 
of  these  interesting  compounds  resulted  in  a new  series  of  pharma- 
cological experiments. 

The  physiological  testing  of  synthetic  substances  by  Dakin  (21) 
and  by  Loewi  (51)  and  Meyer  are  hardly  quantitative  in  nature,  and 
their  results,  though  roughly  comparable  with  each  other,  give  only 
a general  idea  of  the  activity  of  the  compounds.  Biberfeld  and 
German  writers  in  general  seem,  as  pointed  out,  to  have  been  mis- 
led by  some  of  the  statements  of  Loewi  and  Meyer,  based  upon  quali- 
177— Bull.  55—09 2 
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tative  rather  than  quantitative  studies  of  such  compounds  as  ami- 
noketone,  ethyl-  and  methyl-  aminoketone,  and  ethyl-  and  methyl- 
aminoalcohoL  Dakin  (20,  21)  examined  analino,  o-toluidino,  and 
a-naphthylamino-acetylcatechol,  finding  that  small  quantities  cause 
no  rise  of  blood  pressure;  piperidine  does,  though  its  compounds  are 
less  active  than  piperidine  itself.  He  arrives  at  the  generalization 
that  the  catechol  nucleus  is  necessary  to  produce  a physiologically 
active  substance  of  the  type  of  adrenalin;  that  it  is  of  importance 
that  the  hydrogen  atoms  of  both  hydroxyl  groups  in  the  catechol 
nucleus  be  unsubstituted.  He  thinks  also  that  an  alkyl  group  of 
low  molecular  weight  attached  to  the  nitrogen  atom  tends  to  pro- 
duce a more  active  substance  than  when  an  aromatic  group  is 
attached,  whereas  derivatives  of  piperidine,  heptylamine,  and  ben- 
zylamine  occupy  an  intermediate  position,  and,  finally,  that  there 
seems  to  be  a close  connection  between  chemical  instability  and  - 
physiological  activity,  and  vice  versa. 

One  of  the  first  and  most  strikingly  practical  applications  of  quan- 
titative determinations  of  adrenalin  found  in  literature  is  that  of 
Hunt  (42)  (1906).  Samples  were  sent  to  the  Hygienic  Laboratory 
for  the  determining  of  their  relative  physiological  activity.  He 
found  that  the  rise  of  blood  pressure  from  equal  amounts  of  samples 
A and  B were  practically  the  same,  about  1.4  to  1.8  times  that  of 
C;  in  order  to  record  the  same  rise  of  blood  pressure  from  equal  vol- 
umes of  C and  of  A and  B it  was  necessary  to  increase  the  strength 
of  C by  about  1.7  times.  In  a second  series  four  preparations  were 
tested;  three  of  these  were  labeled  1,000  solutions  of  the  active 
principle’’  and  one  “dried  powdered  gland.”  Preparations  C and  A, 
from  the  manufacturers  of  the  first  series,  were  about  equal  in  strength 
and  approximately  fiA^e  times  as  strong  as  D.  It  was  possible  to  pre- 
pare from  an  ounce  of  the  dried  suprarenal  gland  about  15  fluid  ounces 
of  a decoction  as  potent  as  the  active  principle  labeled  1:1,000.  To 
further  emphasize  the  accuracy  of  the  blood-pressure  method  I 
quote  an  interesting  paragraph  from  the  same  paper:  “Abel  calcu- 
lated that  fresh  beef’s  suprarenals  contain  at  least  0.3  per  cent  of 
the  active  principle.  One  part  of  the  dried  gland  corresponds, 
according  to  the  United  States  Pharmacopoeia,  to  approximately 
six  parts  of  the  fresh  gland;  hence,  according  to  Abel’s  experience 
* * * 1 gm.  of  the  dried  gland  should  contain  0.018  gm.  of  the 

active  principle  * * * should  yield  about  18  c.  c.  of  a solution 

corresponding  to  1:1,000  of  the  active  principle.  As  a matter  of 
fact,  I found  that  it  yielded  about  15  c.  c.  [from  blood-pressure  data] 
of  such  a solution,  and  it  is  improbable  that  the  gland  was  com- 
pletely exhausted  in  my  experiments.” 

Sollmann  (67)  (1906)  also  examined  a series  of  commercial  supra- 
renal preparations  and  found  the  relative  efficiency  to  vary  consider- 
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ably.  At  least  two  samples,  a and  h,  made  by  the  same  firm,  were 
bought  on  the  open  market  and  tested.  In  order  to  eliminate  all 
bias  the  solutions  to  be  tested  were  made  by  a second  person.  The 
relative  efficiency  of  the  original  solutions  was  thus  estimated  and 
found  to  be  as  follows:  la=70,  lb=70;  2a=100,  2b  = 86;  3a  = 86, 
.3b=63;  4a=95,  and  4b  = 0. 

As  already  pointed  out,  Dakin  and  Stolz  had  synthesized  com- 
pounds thought  to  be  allied  to  adrenalin.  Biberfeld  (11)  (1906) 
compared  methylamino  alcohol  (synthetic  dl-adrenalin)  with  natural 
adrenalin  and  found  them  physiologically  identical.  A 1:500,000 
solution  causes  dilation  of  the  frog’s  pupil;  2 mg.  injected  subcutane- 
ously into  a rabbit  causes  diuresis  and  glycosuria;  0.001  of  a milli- 
gram injected  intravenously  causes  a rise  of  blood  pressure.  The 
lethal  dose  for  rabbits  is  given  as  0.1  to  0.2  mg.  per  kilo  for  intraven- 
ous injections  and  4 mg.  per  kilo  when  injected  subcutaneously. 

The  reduction  product  of  the  aminoketone,  ethylaminoalcohol 
represented  by  the  formula 

OH 


NH(C,H3) 

is  said  to  act  more  strongly  upon  the  vagus,  but  to  affect  the  blood 
pressure  in  a less  degree  than  natural  adrenalin.  Diethylamino  alco- 
hol was  also  found  to  be  much  less  active. 

The  amino  alcohol  represented  by  the  formula 

OH 

/\  OH 


C^CH^NH, 

\OH 

produced  a rise  of  blood  pressure  equal  to  that  caused  by  natural 
adrenalin.  In  one  case  a rabbit  withstood  a dose  of  arterenol  two 
to  three  times  as  great  as  the  lethal  dose  of  adrenalin  without  show- 
ing any  very  untoward  symptoms  of  intoxication. 

Gunn  and  Harrison  (36)  (1908)  dissolved  samples  of  adrenalin  in 
various  kinds  of  media,  preserving  the  1:1,000  solutions  in  different 
kinds  of  containers  and  under  various  conditions,  their  object  being 
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to  deterniiiie  the  effect  of  Tarioiis  factors  upon  their  rate  of  deterio- 
ration. Each  of  the  set  of  about  twenty  samples  was  marked  by 
letter  or  number  and  submitted  to  Dixon  for  physiological  testing. 
The  residts  when  examined  by  Gunn  and  Harrison  revealed  that  the 
fresh  samples  of  natural  and  synthetic  adrenalin,  though  of  the  same 
concentration^  did  not  possess  the  same  physiological  activity,  the 
natural  product  being  approximately  one-half  that  of  the  synthetic. 
These  writers  in  referring  to  Dixon's  tests  conclude  that  since  ‘The 
natural  substance  is  Itevorotatory  and  the  synthetic  is  optically 
inactive,  it  would  appear  that  only  one  of  the  two  isomers  possesses 
physiological  activity."  This  is  the  ffrst  published  statement  of  the 
kind  formd  that  is  supported  by  experimental  data  of  so  rehable  a 
character,  but  Dixon  (23'^  in  a note  in  the  Pharmaceutical  Joirmal 
states  that  “it  was  Cushny  who  fii’st  suggested  at  a meeting  of  the 
Physiological  Society  that  the  synthetic  adrenalin  might  be  a mixture 
of  the  two  optical  isomers  of  which  the  laevo  variety  alone  was 
markedly  active." 

Biberfeld  (12)  repeated  his  work  of  1906  and  not  only  confirmed  to 
his  ovm  satisfaction  his  earher  residts  but  also  criticised  imjustly  the 
work  of  Dixon  described  by  Gimn  and  Harrison.  He  weighed  equal 
quantities  of  the  natural  and  synthetic  base,  dissolved  each  in  0.8 
per  cent  sodium  chloride  solution  acidified  with  the  calcidated 
amount  of  hydrochloric  acid,  and  allowed  them  to  stand  for  eighteen 
days  when  their  vasoconstrictor  action  was  tested  upon  a rabbit 
weighing  2 kdograms.  The  rise  of  blood  pressure  residtmg  from 
intravenous  injections  of  these  compoimds  is  given  as  follows: 

0.001  mg.  natural,  rise  of  S.5  m.  m.  0.001  mg.  s^mtlietic,  rise  of  7.0  m.  m. 

0.002  mg.  natural,  rise  of  15.0  m.  m.  0.002  mg.  sAmthetic,  rise  of  11.0  m.  m. 

0.008  mg.  natural,  rise  of  IS.O  m.  m.  O.OOS  mg.  s^mthetic,  rise  of  19.0  m.  m. 

O.OlGf  mg.  natural,  rise  of  27.0  m.  m.  O.OlGf  mg.  s\mthetic,  rise  of  27.0  m.  m. 

This  is  certainly  insufficient  data  upon  which  to  base  such  impor- 
tant conclusions,  and  more  especially  is  this  true  when  part  of  the 
data  given  in  itself  seems  open  to  criticism.  One  and  five-tenths 
mdimeters  difference  ia  such  small  blood-pressure  changes  as  occur 
in  the  first  reading  and  4 m.  m.  difference  in  the  second  indicate  some- 
thing other  than  mere  experimental  error. 

Stolz  and  Flacher  (69)  (190Sy  in  criticising  Gunn  and  Harrison's 
article,  state  that  “the  two  products,  synthetic  and  natmal  adre- 
nalm  are  not  isomeric  substances  but  identical  structurally.  The 
suggestion  that  synthetic  suprarenin  is  only  half  as  active  as  the 
natural  Isevorotatory  suprarenin  is  incorrect;  as  otherwise  in  logical 
sequence  the  dextrorotatory  suprarenin  wotdd  be  entirely  inactive. 
TTe  made  by  synthesis  a preparation  composed  of  one-half  of  dextro- 
rotatory and  the  other  half  racemic  suprarenin.  The  latter;  which 
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is  optically  inactive,  consists  of  equal  quantities  of  the  Isevorotatory 
and  dextrorotatory  modification,  so  that  this  substance  consisted 
of  three-quarters  dextro  and  one-quarter  Isevorotatory  suprarenin. 
If  the  supposition  were  correct  that  the  dextro-rotatory  suprarenin 
is  inactive,  then  this  mixture  could  only  possess  one-fourth  the 
activity  of  the  natural  suprarenin.  Careful  experiments  upon 
animals  with  the  kymograph  demonstrate,  however,  the  complete 
equivalence  of  this  preparation  with  the  natural  substance.’’  These 
writers  are  not  content  with  this  statement,  but  even  make  it  appear 
as  if  a commercial  product  in  which  they  are  deeply  interested  is, 
according  to  ^ ‘ a great  number  of  clinicians  and  pharmacologists,  not 
only  equal  to  that  obtained  from  the  adrenal  organs  but  its  activity 
is  even  greater  than  the  latter,  which  must  be  attributed  to  the 
absolute  purity  of  the  synthetic  preparation.” 

Cushny  (16)  (1908),  in  a preliminary  report,  states  that  he  exam- 
ined the  products  just  mentioned,  finding  that  the  strength  of  the 
three  substances — natural  base,  synthetic  base,  and  the  three-fourths 
dextrorotatory  base — bear  the  relation  4:2:1.  He  also  finds  Biber- 
feld’s  results  divergent  from  his  own,  and  offers  as  a possible  explana- 
tion the  use  of  rabbits  which,  Cushn}^  thinks,  acquire  a tolerance 
for  adrenalin. 

Cushny  (17)  (1908)  compared  a sample  of  natural  adrenalin  the 
optical  activity  of  which  was  found  to  be  —42.25°  with  a synthetic 
sample  optically  inactive.  Instead  of  trying,  as  did  Biberfeld,  the 
relative  activity  by  comparing  the  minimal  doses  necessary  to  cause 
a rise  of  blood  pressure  he  checked  1 c.  c.  of  1:100,000,  1:50,000, 
and  1:25,000  of  adrenalin  base  with  corresponding  solutions  of  the 
synthetic  product.  Then  by  decreasing  the  dose  of  the  stronger 
preparation  and  increasing  that  of  the  weaker  until  the  rises  of 
blood  pressure  approximated  each  other  he  was  able  to  determine 
the  relative  physiological  activity  of  each.  As  a result  of  his  experi- 
ments upon  dogs  anesthetized  with  paraldehyde  with  both  vagi  cut 
and  under  conditions  of  artificial  respiration  he  concludes  that  the 
‘^natural  Isevoadrenalin  acts  twice  as  strongly  on  the  blood  pressure 
as  synthetic  or  racemic  adrenalin,  and  presumably  also  upon  the 
other  organs  affected  by  adrenalin.  From  this  it  is  inferred  that 
dextroadrenalin  is  devoid  of  action  on  these  tissues,  and  this  is  con- 
firmed by  the  examination  of  a partially  isolated  d-adrenalin.” 

Flacher  (31)  (1908)  succeeded  in  splitting  dl-adrenalin  into  its 
d-  and  1-  components.  He  concluded  that  the  physico-chemical 
properties  of  the  synthetic  1-adrenalin  and  the  natural  1-adrenalin 
are  identical.  Both  melt  at  211°  to  212°  C.  (uncorrected).  They 
form  oxalates  and  chlorides  that  do  not  crystallize.  The  synthetic 
product  purified  from  the  bitartrate  and  dissolved  in  hydrochloric 
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acid  shows  an  optical  activity  of  — 51.40'^  and  that  of 

the  pure  natural  1-adrenalin  obtained  from  the  bitartrate  showed 
an  optical  activity  of  = — 51.40°.  The  d-adrenalin  dis- 

solved in  weak  hydrochloric  acid  showed  an  optical  activity  of 
= +51.80  and,  like  its  optical  isomer,  melts  at  211°  to 
212°  C.  (uncorrected),  and  it  forms  oxalates  and  chlorides  which  do 
not  crystallize. 

The  physiological  activity  of  these  new  products  was  tested  by 
Abderhalden  (1)  (1908)  and  Muller,  and  reported  in  a very  unsatis- 
factory manner.  The  1-adrenalin  was  found  to  be  fifteen  times  more 
active  than  the  d-isomer. 

Cushny  (18)  (1908)  in  a very  brief  report  states  that  he  tested  the 
synthetic  d-  and  1-  adrenalin  prepared  by  Flacher,  finding  the  syn- 
thetic 1-adrenalin  equal  in  potency  to  the  1-adrenalin  obtained  from 
glands.  It  was  found  difficult  to  determine  the  absolute  relative 
ph}^siological  activity  of  the  synthetic  d-  and  the  synthetic  1-  adrenalins, 
but  in  general  ten  times  more  synthetic  d-adrenalin  was  required 
than  of  the  synthetic  1-  to  produce  a given  rise  of  blood  pressure. 
It  was  calculated  that  the  relative  physiological  activity  of  the  d- 
and  1-  products  were  in  the  ratio  of  12:1.  In  the  light  of  these 
experiments  the  relative  activity  of  the  natural  1-adrenalin  and  the 
synthetic  dl-adrenalin  may  be  expressed  by  the  ratio  24:13. 

Although  Emmert’s  work  (30)  (1908)  has  to  deal  primarily  with 
histological  changes  ensuing  from  repeated  injections  of  sublethal 
doses  of  adrenalin,  some  interesting  toxicological  data  is  recorded. 
The  number  of  mice  used  by  him  does  not  seem  to  have  been 
large,  and  hence  the  dose  given  as  lethal  must  not  be  taken  too 
seriously.  It  is  stated  that  0.1  mg.  generally  caused  death  in  from 
one  minute  to  sixty  honrs.  In  one  case  he  was  able  to  increase 
gradually  the  dose  to  as  much  as  0.5  mg.  before  acute  poisoning  set 
in.  In  another  case  three  mice  were  injected  with  0.1  mg.  once  or 
twice  a day  for  9,  24,  and  39  days.  In  still  another  experiment  mice 
were  observed  for  109  days,  fifty-six  0.033  mg.  doses  being  first 
injected,  and  later  twenty-five  0.1  mg.  doses.  Only  three  mice  lived 
after  doses  of  0.1  to  0.15  mg.,  and  these  were  always  prostrated  by 
each  of  the  twenty-five  injections  given  in  the  course  of  24  days. 
For  the  object  of  studying  lesions  caused  by  repeated  injections  his 
experiments  are  perhaps  sufficient,  but  for  purposes  of  determining 
the  lethal  dose  they  are  not. 
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THE  RELATIVE  ACTIVITY  OF  ORTHO-DIOXY-PHENYL-ETHANOL-METHYL- 
AMIN  (NATURAL  L-  AND  SYNTHETIC  DL-  ADRENALIN),  OF  ORTHO- 
DIOXY-PHENYL-ETHANOL-AMIN  (“ARTERENOL”),  AND  ETHYL-AMINO- 
DIOXY-ACETO-PHENON  ( “HOMORENON”)  AS  DETERMINED  BY  BLOOD 
PRESSURE. 

Soon  after  synthetic  dl-adrenalin  was  placed  upon  the  market 
samples  of  it  were  submitted  to  the  Division  of  Pharmacology  of  the 
Hygienic  Laboratory  for  comparison  with  the  natural  1-base.  A few 
preliminary  tests  showed  the  synthetic  substance  to  be  only  one- 
half  to  two-thirds  as  active  as  the  natural.  Upon  noting  this,  it  was 
decided  to  make  a study  of  certain  catechol  derivatives  and  also  to 
examine  into  the  best  methods  for  standardizing  them.  Of  the 
several  methods  proposed  it  was  found  that  on  the  whole  that  of 
blood  pressure,  of  the  pupil,  and  of  subcutaneous  injections  was 
most  satisfactory.  The  pupil  method  as  used  by  Meltzer  and  by 
Ehrmann  is  adequate  for  qualitative  but  not  for  quantitative  testing. 
Hence  this  method  was  changed  to  eliminate  as  far  as  possible  the 
most  serious  errors  that  could  arise,  which  has  now  made  the  pupil 
method,  though  not  quite  so  delicate,  almost  as  reliable  as  that  of 
blood  pressure.  Likewise  the  toxicity  data  of  adrenalin  literature, 
though  in  a general  way  supplementing  the  qualitative  and  quanti- 
tative results  of  their  period,  are,  on  the  whole,  unsatisfactory,  being 
unsuited  for  comparison  with  more  recent  experiments  with  pure 
compounds.  For  this  reason  a series  of  experiments  was  carried  on 
under  conditions  whereby  the  members  of  one  series  could  be  com- 
pared with  those  of  another. 

A glance  over  the  literature  on  adrenalin  reveals  at  once  how  prom- 
inent a place  the  blood-pressure  method  occupies  in  testing  this  drug 
both  in  a qualitative  and  quantitative  manner,  and  it  would  seem 
to  be  the  most  consistent  test  for  catechol  derivatives,  these  sub- 
stances being  primarily  vaso-constrictors.  Because  of  this  the  rela- 
tive pharmacological  action  of  the  compounds  already  mentioned 
will  first  be  considered  in  terms  of  rise  of  blood  pressure  and  all  sub- 
sequent results  by  other  methods  will  be  referred  to  this  as  a standard. 

One  of  the  first  difficulties  encountered  was  the  variation  in  the 
activity  of  adrenalin  found  upon  the  market.  In  order  to  eliminate 
this  factor  the  Hygienic  Laboratory  purchased  direct  from  a manu- 
facturing firm  19.4  grams  of  natural  1-adrenalin  base.  This  they 
claimed  to  contain  15  grams  of  pure  adrenalin,  their  basis  for  calcu- 
lation being  that  incineration  left  22.6  per  cent  ash,  which,  as  will  be 
seen  later,  was  erroneously  inferred  to  represent  all  the  impurities 
present.  To  make  sure  of  a good  preparation,  however,  the  sample 
was  repurified  by  Taveau,  chemist  in  the  Division  of  Pharmacology, 
who  has  done  so  much  valuable  work  in  synthesizing  compounds 
of  tliis  character  both  in  Abel’s  laboratory  and  in  the  Division 
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of  Pharmacology  of  the  Hygienic  Laboratory.  He  obtained  upon 
purifying  the  19.4  grams  of  adrenalin  5.5  grams  of  a fine  crystalline 
ash-free  base  of  unusual  physiological  activity  with  an  optical  ac- 
tivity of  —53.40°.®  An  additional  one-half  gram  of  prac- 

tically ash-free  base  made  a total  of  6 grams.  There  was,  of  course, 
some  loss  in  the  process  of  purifying,  but  that  tins  unusual  loss  was 
one  due  not  merely  to  chemical  manipulation  but  rather  to  the 
impurities  eliminated  is  shown  by  physiological  testing.  The  original 
sample  was  checked  against  the  repurified  sample  and  shown  by  the 
blood-pressure  method  on  cats  to  be  only  one-half  to  one-tliird  as 
active.  These  findings  were  eventually  confirmed  by  the  physiolo- 
gist of  the  manufacturers  and  concurred  in  by  them,  as  is  evidenced 
by  their  voluntarily  sending  a bill  for  6 instead  of  for  15  grams  of 
adrenalin  base. 

Having  secured  an  unusually  pure  sample  of  adrenalin  base  to  be 
used  as  a standard,  the  next  problem  was  to  find  an  anesthetic 
that  would  not  increase  the  secondary  depressing  action  of  adrenahn 
upon  the  heart  and  yet  maintain  a constant  state  of  anesthesia.  An 
animal  in  order  to  yield  a uniform  blood-pressure  record  must  of 
course  be  so  anesthetized  as  to  maintain  the  irritability  of  the  parts 
affected  by  the  drug  at  not  too  liigh  nor  too  low  a threshold  value, 
at  a level  where  absence  of  pain  is  assured  and  yet  where  motor  dis- 
turbances are  removed. 

It  may  not  be  amiss  to  speak  for  a moment  of  anesthetics  that 
under  certain  conditions  seem  to  fail  in  these  requirements,  them- 
selves bringing  about  results  which  at  first  glance  might  be  attributed 
to  the  effect  of  adrenalin  itself.  Anesthesia  from  urethane  and  chloral, 
chloretone,  and  paraldehyde  of  course  have  advantages,  but  the 
stomach  puts  beyond  the  control  of  the  operator  all  subsequent 
adjustment  of  the  degree  of  narcosis.  And  I am  inclined  to  think 
that  in  the  latter  part  of  long  experiments  there  may  be  present  a 
condition  of  too  low  an  irritability,  so  that  small  doses  of  adrenalin 
at  first  effective  are  now  no  longer  so.  This  condition  seemed  to  be 
present  in  cats  anesthetized  with  urethane  chloral,  but  not  when 
under  light  ether  anesthesia.  According  to  Alexander-Lewin  ani- 
mals may  be  chloralized  to  the  extent  of  annulling  all  action  of 
adrenalin  but  still  leaving  the  vaso-motor  apparatus  sensitive  to 
camphor.  It  is  reasonable  to  suppose  that  drugs  with  a chloral-like 
action  upon  smooth  an  1 heart  muscle  even  in  doses  much  smaller 
than  used  by  Alexander-Lewin  might  so  depress  the  irritability  of 

“ The  optical  actiwty  of  this  preparation  was  determined  by  Mr.  Taveau  and  myself 
and  compares  very  well  with  the  best  measurements  that  have  ever  been  made,  viz, 
those  of  Korndorfer  (43)  made  for  Flacher.  Some  of  the  other  readings  given  in  liter- 
ature are  [a]jj  = —32.6°  (Jowett),  = —43°  (Pauly),— 42.25°  (Cushny), 

= —50.72°  (Abderhalden  and  Guggenheim)  and  [^3:]^-*°=  —51.40°  (Korndorfer)  (43). 
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the  vaso-constrictor  muscle  as  to  render  small  doses  of  adrenalin 
ineffective.  So  it  may  not  be  far  wrong  to  attribute  the  loss  of  sensi- 
tiveness to  small  doses  of  adrenalin  in  cats  and  rabbits  to  a loss  of 
irritability  in  the  more  advanced  stages  of  chloral  or  paraldehyde 
anesthesia  instead  of  to  so-called  acquired  immunity  (tolerance) . May 
not  Cushny’s  results  with  rabbits  have  been  of  this  nature  Hunt  not 
only  observed  no  loss  of  irritability  toward  small  doses  of  adrenalin 
but  secured  with  rabbits  some  of  his  best  results. 

After  trying  different  anesthetics  it  was  found  that  ether  on  the 
whole  was  the  most  satisfactory,  and  so  it  was  used  in  all  of  my  later 
experiments.  As  is  well  known  the  chief  objection  to  this  anesthetic 
is  the  difficulty  of  maintaining  a uniform  condition  of  anesthesia. 
But  this  is  practically  removed  by  using  a modification  of  the  drop 
method  suggested  by  Porter.  In  this  wny  even  cats,  proverbial  for 
their  vasomotor  ‘‘storms,’’  yielded  results  that  were  very  consistent. 
On  the  wffiole  I prefer  morphine  along  wdth  ether  for  dogs  and  ether 
alone  for  cats.  Mffien  wnrking  wdth  small  doses  of  adrenalin  the 
best  results  are  assured  by  an  anesthesia  just  sufficient  to  maintain 
a condition  of  unconsciousness  so  that  the  animal  has  no  pain,  wdth 
only  enough  curare  to  render  it  free  from  muscle  tremors.  The 
amount  of  curare  given  must  of  course  be  determined  by  experience, 
since  not  only  different  samples  vary  but  individual  animals  also 
vary  to  a certain  extent  in  their  reaction  to  this  drug.  Indeed  large 
doses  of  curare  should  be  avoided.  Being  a depressant,  it  lowers 
the  blood  pressure  and  interferes  wdth  the  action  of  adrenalin,  often 
making  consistent  results  impossible,  even  with  dogs,  wdiich  in  my 
experience  yield  the  most  reliable  results.® 

In  all  the  later  experiments  the  injections  wwe  made  from  a 
standardized  1 c.  c.  syringe  graduated  in  five-hundredths  of  a c.  c. 
The  cannulse  w^ere  of  small  bore,  provided  with  very  short  connec- 
tions allowing  a minimum  amount  of  dead  space.  There  was  one 
injection  set  for  each  of  the  tw’o  solutions  to  be  compared  so  that  one 
solution  might  be  injected  into  the  right  and  the  other  into  the  left 
saphenous  vein.  When  constant  results  w^ere  thus  obtained  the 
solution  formerly  used  for  the  left  vein  was  now  injected  as  a check 
into  the  right  vein  from  the  right  injection  set  and  vice  versa. 

The  following  blood-pressure  tables  are  results  selected  as  typical 
from  21  animals  (cats  and  dogs).  Tables  I to  VI  inclusive  represent 
in  a general  w^ay  the  relative  physiological  activity  of  synthetic 
dl-adrenalin  and  natural  1-adrenahn.  The  latter  of  these  compounds 
has  already  been  described.  The  synthetic  dl-adrenalin  manufactured 

“This  animal  even  at  the  end  of  a nine-hour  experiment  yielded  with  1 c.  c.  injec- 
tions of  a 1:100,000  adrenalin  solution  a rise  of  blood  pressure  equivalent  to  that  from 
the  first  injections  of  this  amount,  showing  in  no  case  a diminished  sensitiveness  to 
1-natural  and  dl-synthetic  adrenalin  unless  too  much  ether  was  administered. 
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by  Meister,  Luscius,  and  Briining  is  said  to  be  a methyl-amino-alcohol 
or,  more  specifically,  ortho-dioxy-phenyl-ethanor-methyl- amino-hydro- 
chloride represented  by  the  formula 


It  is  a fine,  granular,  almost  white,  crystalline  powder,  easily 
soluble  in  water  or  normal  saline.  The  solution  decomposes  much 
more  readily  than  does  a similar  solution  of  the  natural  1-adrenalin. 
It  turns  cherry-red,  later  brownish,  and  finally  deposits  a brown 
precipitate,  whereupon  the  solution  loses  its  characteristic  color  and 
likewise  its  physiological  activity.  It  is  optically  inactive  and 
possesses  the  chemical  properties  generally  attributed  to  it. 

The  data  of  Table  I show  distinctly  that  the  natural  1-adrenalin 
is  more  active  than  the  synthetic  dl-  since  equal  volumes  of  1 : 100,000 
of  the  two  solutions  result  in  rises  of  blood  pressure,  which  with  few 
exceptions  are  greater  for  the  natural  product  than  for  the  synthetic. 
Although  this  table  shows  only  a few  results  with  1 : 100,000  solutions, 
a great  number  of  similar  injections  were  made  with  solutions  of 
them,  maintaining  the  ratio  1 1 ; 1 dl,  but  varying  in  concentration  from 
1 : 5,000  to  1 : 200,000,  with  the  result  that  the  natural  base  nearly 
always  caused  the  greatest  rise  of  blood  pressure.  So  that  other  sets 
might  be  chosen  to  illustrate  the  same  point  as  does  Table  I.  If 
instead  of  the  effect  of  the  equal  volume  of  solution  of  like  concentra- 
tion, a comparison  is  made  of  the  equal  volume  of  solution  with 
twice  as  much  of  the  synthetic  dl-  substance  as  of  the  natural  1-,  the 
rise  of  blood  pressure  from  the  latter  is  nearly  always  less  than  that 
resulting  from  the  synthetic  dl-,  as  Table  II  will  show.  This  table 
serves  to  illustrate  results  with  solutions  of  higher  or  lower  concen- 
tration with  the  ratio  1 1 : 2 dl  maintained.  It  is  thus  evident  that 
with  the  ratio  1 : 1 the  natural  1-  is  too  strong  to  cause  like  rises  of 
blood  pressure,  with  the  ratio  1 : 2 the  natural  1-  is  too  weak,  and  that 
the  right  ratio  lies  between  these  two.  With  a gradual  increase  of 
the  concentration  of  the  weaker  or  a decrease  of  the  stronger  a ratio 
was  found  that  yielded  the  greatest  number  of  like  rises  of  blood 
pressure,  which  is  2 1:  3 dl.  Tables  III  and  V,  respectivel}q  show  that 
a 1 : 60,000  solution  of  natural  1-  is  the  equivalent  of  a 1 : 40,000  solu- 
tion of  synthetic  dl-adrenalm.  Table  IV  shows  that  like  rises  of 
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blood  pressure  may  be  obtained  with  equal  volumes  of  1 : 30,000  and 
1 : 20,000  solutions  of  natural  1-  and  synthetic dl-adrenalin,  respectively. 
Table  VI  illustrates  the  same  thing  for  cats. 

It  is  also  true  that  isolated  cases  might  be  chosen  to  show  that  both 
Biberfeld  and  Cushny  were  correct,  the  former  maintaining  that 
these  two  products  are  equal  in  activity,  the  latter  contending  that 
the  s}mthetic  dl-product  has  only  one-half  the  activity  of  the  natural 
base.  For  in  a large  number  of  experiments  one  may  occasionally 
obtain  equal  rises  of  blood  pressure  when  comparing  1:50,000  of 
synthetic  dl-  with  1: 100,000  natural  1-adrenalin  or  when  comparing 
solutions  of  equivalent  concentrations.  But  there  is  no  such  agree- 
ment after  successive  sets  of  readings,  as  indicated  in  the  accom- 
panying tables  that  have  a ratio  of  concentration  2:3,  instead  of  1:1 
according  to  Biberfeld,  or  1:2  according  to  Cushny.  Cuslmy  is, 
however,  more  nearly  correct  than  Biberfeld,  and  his  experimental 
data,  though  inadequate,  carries  greater  weight  than  any  hitherto 
published.  Finally,  my  results  indicate  that  the  ratio  of  activity  of 
the  natural  1-base  and  the  synthetic  dl-product  are  to  each  other  as 
2:3.  These  results  are  in  accordance  with  my  first  determinations, 
made  before  the  publication  of  Cushny’s  first  paper,  and  I am  inclined 
to  think  them  more  nearly  correct  than  his,  which  made  the  ratio  1:2. 

Table  I. — The  relative  activity  of  natural  l-adrenalin  base  and  synthetic  dl-adrenalin 
hydrochloride  determined  by  blood  'pressure. 

Blood-pressure  experiment  No.  16,  January  11,  1909. 

Dog,  7,660  gm.  weight,  subcutaneous  injection  of  76.6  mg.  of  morphine  sulphate,  ether  anesthesia,  small 
doses  of  curare  from  time  to  time.  Both  vagi  cut.  Artificial  respiration  of  warmed  air.  Solutions  injected 
into  femoral  veins.  Five  milligrams  of  adrenalin  base  dissolved  in  5 c.  c.  Ringer  11.50  a.  m.  Six  milli' 
grams  synthetic  dl-adrenalin  hydrochloride  crystals  dissolved  in  5 c.  c.  Ringer  solution  11.55  a.  m. 


Injec- 

tion. 

Base. 

Ringer. 

Time 

of 

injec- 

tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise 

of 

blood 

pres- 

sure. 

C.c. 

Gram. 

C.  c. 

P.  m. 

M.m. 

M.  m. 

M.m. 

Natural  l-adrenalin  base 

1 

1 

100,000 

1.22 

104 

171 

67 

Synthetic  dl-adrenalin 

1 

1 

100,000 

1.24 

104 

155 

51 

Natural  l-adrenalin 

1 

1 

100,000 

1.36 

106 

170 

64 

Synthetic  dl-adrenalin 

1 

1 

100,000 

1.33 

105 

162 

57 

Natmal  l-adrenalin 

1 

1 

100,000 

1.52 

97 

156 

59 

Synthetic  dl-adrenalin 

1 

1 

100,000 

1.56 

93 

134 

41 

Natural  l-adrenalin 

1 

1 

100,000 

2.26 

106 

160 

54 

Synthetic  dl-adrenalin 

1 

1 

100,000 

2.28 

106 

152 

46 

Natural  l-adrenalin 

1 

1 

100,000 

2.34 

104 

147 

43 

Synthetic  dl-adrenalin 

1 

1 

100,000 

2. 31 

104 

143 

39 

Natural  l-adrenalin 

1 

1 

100,000 

2.40 

104 

140 

36 

Synthetic  dl-adrenalin 

1 

1 

100,000 

2. 38 

105 

134 

29 

28 


From  the  above  data  it  will  be  observed  that  the  pure  adrenalin 
is  stronger  than  the  synthetic  dl-;  on  the  other  hand,  if  one  chooses 
such  dilutions  as  to  make  the  solutions  of  synthetic  twice  as  concen- 
trated (in  terms  of  base)  as  the  natural  adrenalin,  then  this  solu- 
tion, as  shovm  by  the  follovdng  tables,  is  the  stronger  of  the  two 
physiologically : 

Table  II.  (See  legend  to  Table  I.) 


Injec- 

tion. 

! 

Base. 

Ringer. 

Time 

of 

injec- 

tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise 

of 

blood 

pres- 

sure. 

C.c. 

Gram. 

C.  c. 

P.m. 

M.  m. 

M.m. 

M.m. 

Ih 

Synthetic  dl-adrenalin 

1 

1 

50,000 

12. 56 

97 

181 

84 

Natural  1-adrenalin 

1 

1 

100,000 

12. 59 

98 

162 

64 

Synthetic  dl-adrenalin 

1 

1 

50,000 

1.6 

93 

171 

78 

Natural  1-adrenalin 

1 

1 

100,000 

1.3 

94 

153 

59  ■“ 

Synthetic  dl-adrenalin 

1 

1 

50,000 

1.12 

100 

180 

80 

Natural  1-adrenalin 

1 

1 

100,000 

1.9 

102 

155 

53 

Synthetic  dl-adrenalin 

1 

1 

50,000 

3.  5 

114 

190 

76 

Natural  1-adrenalin 

1 

1 

100,000 

3.9 

110 

180 

70 

Synthetic  dl-adrenalin. : 

1 

1 

50,000 

3.11 

114 

186 

62 

Natural  1-adrenalin 

1 

1 

100,000 

3.15 

118 

177 

59 

Curare 

3.22 

Synthetic  dl-adrenalin 

1 

1 

50,000 

3.38 

112 

187 

75 

Natural  1-adrenalin 

1 

1 

100,000 

3.41 

115 

186 

71 

Synthetic  dl-adrenalin 

1 

1 

50,000 

4.7 

122 

220 

98 

Natural  1-adrenalin 

1 

1 

100,000 

4.9 

124 

214 

90 

Synthetic  dl-adrenalin 

1 

1 

50,000 

4.11 

122 

218 

96 

Natural  1-adrenalin 

1 

1 

100,000 

4. 15 

, 124 

204 

80 

S\’nthetic  dl-adrenalin 

1 

1 

50,000 

4.22 

123 

• 194 

71 

Natural  1-adrenalin 

1 

1 

100,000 

4. 19 

122 

178 

56 

Synthetic  dl-adrenalin 

1 

1 

50,000 

4.28 

127 

218 

91 

Natural  1-adrenalin 

1 

1 

100,000 

4.25 

124 

210 

86 

Synthetic  dl-adrenalin 

1 

1 

40,000 

5.  52 

95 

213 

128 

Natural  1-adrenalin 

1 

1 

80,000 

5.49 

96 

216 

120 

Synthetic  dl-adrenalin 

1 

1 

40,000 

6.3 

103 

197 

94 

Natural  1-adrenalin 

1 

1 

80,000 

6.8 

104 

194 

90 

Synthetic  dl-adrenalin 

1 

1 

40,000 

6. 13 

96 

186 

90 

Natural  1-adrenalin 

i 

1 

1 

1 

80,000 

6. 12 

98 

168 

70 

If  instead  of  the  concentrations  described  in  Tables  I and  II  the 
ratio  2 of  synthetic  to  3 of  natural  be  used,  the  values  representing  the 
rises  in  blood  pressure  from  1 c.  c.  more  nearly  approximate  each 
other.  It  is  indeed  remarkable  how  different  sets  of  readings  agree 
with  each  other,  how  constant  is  the  interval  required  for  recovery 
of  the  vasomoter  apparatus,  and  with  what  certainty  one  can  fore- 
cast the  height  to  which  the  blood  pressure  will  ascend  in  response 
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to  the  second  injection  of  a given  set.  The  following  tables  bring 
this  out  more  clearly: 

Table  III.  (See  legend  to  Table  I.) 


Injec- 

tion. 

Base. 

Ringer. 

Time 

of 

injec- 

tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise 

of 

blood 

pres- 

sure. 

Synthetic  dl-adrenalin 

Natural  1-adrenalin 

Synthetic  dl-adrenalin 

Natural  1-adrenalin 

Synthetic  dl-adrenalin 

C.c. 

1 

1 

1 

1 

1 

li 

1 

1 

1 

1 

Gram. 

1 

1 

1 

1 

1 

C.c. 

40.000 

60.000 

40.000 

60.000 
40,000 

P.m. 

6. 30 
6. 32 

6. 41 
6.44 

6. 46 

7. 30 

7.48 

7. 46 
7.  54 
7.  56 

M.  m. 

93 

94 

84 

84 

83 

M.  m. 

202 

200 

197 

197 

194 

M.  m. 
109 
106 

113 

113 

111 

Synthetic  dl-adrenalin 

Natural  1-adrenalin  base 

Synthetic  dl-adrenalin 

Natural  1-adrenalin 

1 

1 

1 

1 

40.000 

60.000 

40.000 

60.000 

86 

84 

84 

84 

198 

198 

194 

198 

112 

114 

110 

114 

Table  IV. 

(See  legend  to  Table  I.) 

Injec- 

tion. 

Base. 

i 

Ringer.  1 

Time 

of 

injec- 

tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise 

of 

blood 

pres- 

sure. 

C.c. 

j Gram. 

C.c. 

P.  m. 

M.  m. 

M.  m. 

M.  m. 

Synthetic  dl-adrenalin 

1 

1 

20,000 

8. 37 

64 

194 

130 

Natural  1-adrenalin 

1 

! 1 

30,000 

8. 39 

64 

190 

126 

Natural  1-adrenalin 

1 

1 

1 1 

30,000 

8.43 

64 

198 

126 

Synthetic  dl-adrenalin 

1 

1 

20,000 

8. 45 

70 

198 

128 

Natural  1-adrenalin 

1 

1 

30,000 

8.  47 

70 

198 

128 

Synthetic  dl-adrenalin 

1 

1 

20,000 

9.0 

73 

208 

135 

Natural  1-adrenalin 

1 

1 

30,000 

9.2 

73 

207 

134 

Synthetic  dl-adrenalin 

1 

1 

20,000 

9.4 

72 

192 

120 

Natural  1-adrenalin 

1 

1 

30,000 

9.6 

72 

193 

121 

Curare 

9. 12 

Natural  1-adrenalin 

1 

1 

30,000 

9. 18 

67 

215 

148 

Synthetic  dl-adrenalin 

1 

1 

20,000 

9. 20 

61 

208 

147 

Natural  1-adrenalin 

1 

1 

30,000 

9.23 

64 

197 

133 

Synthetic  dl-adrenalin 

1 

1 

20,000 

9.25 

61 

196 

135 

Natural  1-adrenalin 

1 

1 

30,000 

9. 27 

62 

188 

126 

Synthetic  dl-adrenalin 

1 

20,000 

9. 29 

60 

186 

126 

30 


Table  V. 


Experiment  17,  January  12,  1909. 

Pregnant  cat,  weight  3,770  gm.,  ether  anesthesia,  curare.  Artificial  respiration  with  warm  air.  Five 
milligrams  of  adrenalin  base  dissolved  in  Ringer  solution  9 a.  m.  Six  milligrams  synthetic  dl-adrenalin 
hydrochloride  dissolved  in  5 c.  c.  Ringer  solution  10  a.  m.  Vagi  cut  1.12  p.  m.  Injection  into  femorals. 


Injec- 

tion. 

Base. 

I 

Ringer. 

Time 

of 

injec- 

tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise 

of 

blood 

pres- 

sure. 

C.c. 

Gram. 

C.c. 

P.m. 

M.m. 

M.m. 

M.m. 

1 

1 

90.000 

60.000 

90,000 

12. 18 

132 

152 

20 

1 

1 

12. 19 

130 

149 

19 

16 

Natural  1-adrenalin 

1 

1 

12. 21 

135 

151 

Synthetic  dl-adrenalin 

1 

1 

60,000 

12.23 

135 

151 

16 

Natural  1-adrenalin 

1 

1 

' 90,000 

12. 38 

140 

157 

17 

Synthetic  dl-adrenalin 

1 

1 

60,000 

12.  41 

141 

158 

17 

Natural  1-adrenalin 

1 

1 

90,000 

12. 49 

142 

158 

16 

Synthetic  dl-adrenalin 

1 

1 

60,000 

12. 57 

144 

160 

16 

Vagi  cut 

1.12 

Curare : 

n 

1 

1.21 

Natural  1-adrenalin 

1 

60,000 

1.32 

142 

168 

26 

Synthetic  dl-adrenalin 

1 

1 

40,000 

1.34 

143 

168 

25 

Natural  1-adrenalin I 

1 1 

1 

60,000 

1.38 

142 

164 

22 

Synthetic  dl-adrenalin 

1 

1 

40,000 

1.42 

148 

170 

22 

Natural  1-adrenalin 

1 

1 

60,000 

1.44 

146 

170 

24 

Synthetic  dl-adrenalin 

1 

1 1 

40,000 

1.46 

149 

172 

23 

Synthetic  dl-adrenalin 

1 

1 1 

40,000 

1.49 

146 

172 

26 

Natural  1-adrenalin 

1 

1 “ 

60,000 

1.57 

147 

172 

25 

Table  VI. 

(See  legend  to  Table  V.) 

Injec- 

tion. 

Base. 

Ringer. 

Time 

of 

injec- 

tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise 

of 

blood 

pres- 

sure. 

C.c. 

Gram. 

C.c. 

P.  m. 

M.m. 

M.m. 

M.m. 

Natural  1-adrenalin 

1 

1 

30.000 

20.000 

20,000 

30.000 

20.000 

3.12  ' 

122 

156 

34 

Synthetic  dl-adrenalin  . 

1 

1 

3. 15 

122 

153 

31 

Synthetic  dl-adrenalin 

1 

1 1 

3. 29 

124 

148 

24 

Natural  1-adrenalin 

1 

1 

3. 31 

120 

147 

25 

Synthetic  dl-adrenaiin 

1 

1 

3.33 

123 

149 

26 

i 

31 


THE  RELATIVE  ACTIVITY  OF  ORTHO-DIOXY-PHENYL-ETHANOL-AMIN 
(ARTERENOL)  AND  NATURAL  L-ADRENALIN  DETERMINED  BY  BLOOD 
PRESSURE. 


Another  synthetic  product  of  interest  is  the  reduction  product  of 
ainino-aceto-pyro-catechin,  dioxy-phenyl-ethanol-amin.  The  chloride 
is  known  commercially  as  arterenol  hydrocholride,  the  formula  of 
which  is  given  as — 

OH 

H-c/  \c-OII 


H-C 


I 

/C-H 

H 

I r 

C^-CHyNH^HCl 

I 

QH 


It  is  a fine,  granular,  odorless,  crystalline  powder,  easily  soluble 
in  water  or  normal  saline.  The  deterioration  of  this  product  is  not 
very  evident,  since  there  does  not  accompany  it  distinct  coloration 
so  easily  noticed  in  adrenalin  solutions.  Just  how  rapid  this  process 
of  deterioration  is  has  not  been  determined,  but  it  certainly  is  an 
important  factor  in  determining  the  relative  value  of  the  substance. 
One  solution  received  for  purposes  of  testing  was  found  to  have  an 
activity  comparable  to  that  of  our  natural  1-adrenalin.  So  surprised 
was  I to  note  this  that  the  balance  of  the  sample  was  preserved  for  a 
subsequent  testing,  but  a few  days  later  this  preparation  had  dete- 
riorated and  a fresh  solution  had  to  be  made.  It  can  readily  be  seen 
that  to  the  physician  the  commercial  1:1,000  solution  may  prove 
very  disappointing  if  kept  for  subsequent  use  after  once  the  original 
package  has  been  opened.  The  fresh  solution,  however,  has  a 
remarkable  vaso-constrictor  action,  and  if  it  were  more  certain  in 
yielding  quantitative  results  throughout  entire  experiments,  it  would 
be  a worthy  rival  of  natural  1-adrenalin  itself.  In  the  early  parts  of 
long  experiments  fairly  constant  results  may  be  obtained  with  small 
doses,  but  in  the  latter  parts,  or  after  larger  doses  (1  c.  c.  of  1 : 60,000 
or  over),  irregularities  seemed  to  appear  the  exact  meaning  of  which 
must  be  determined  later.  As  a matter  of  fact,  the  following  tables 
represent  results  taken  from  the  beginning  of  experiments  only. 

Table  VIII  is  interesting,  since  it  shows  that  a 1 c.  c.  injection  of 
adrenalin  or  arterenol  in  1:100,000  solutions  causes  a like  rise  of 
blood  pressure  (27-28  m.  m.)  and  for  1 c.  c.  injections  of  a 1:50,000 
solution  (38  m.  m.).  A 1:50,000  solution  of  arterenol,  however, 
is  uniformly  more  active  than  a 1: 100,000  solution  of  natural  1-base. 
Finally,  consistent  results  are  obtained  by  comparing  the  two  sub- 
stances each  in  a concentration  of  1 : 80,000  or  in  one  of  1 : 60,000. 
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Table  VII. — Physiological  activity  of  arterenol  hydrochloride  compared  with  that  of 

l-natural  adrenalin  base. 

Blood  pressure  experiment  No.  21,  March  22,  1909. 

Female  bull  terrier,  weight  10.4  kilograms;  10.20  a.  m.  subcutaneous  injection  of  100  milligrams  morphine 
sulphate.  Ether  anesthesia;  small  intravenous  injections  of  curare  from  time  to  time.  Both  vagi  tied  off. 
Artificial  respiration  with  warmed  air.  Solutions  injected  into  saphenous  veins.  5 milligrams  specially 
pure  natural  1-adrenalin  base  dissolved  (10.35  a.  m.)  in  5 c.  c.  of  Ringer  solution  acidulated  with  calculated 
amount  of  HCl.  Six  milligrams  arterenol  hydrochloride  dissolved  in  5 c.  c.  Ringer  solution  11.50  a.  m. 
These  two  solutions  were  then  diluted  as  if  they  were  the  equivalents  of  a 1: 1,000  solution  of  the  base — that 
is,  1 c.  c.  of  either  one  of  these  stock  solutions  diluted  to  10  c.  c.  gave  a 1:10,000  solution  (base). 


Injec- 

tion. 

Base. 

Ringer. 

Time  of 
injec- 
tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise  of 
blood 
pres- 
sure. 

C.  c. 

Gram. 

C.c. 

P.  TO. 

M.  m. 

M.  m. 

M.  TO. 

Natural  1-adrenalin  base 

1 

1 

100,000 

12. 05 

127 

182 

55 

Arterenol  hydrochloride 

1 

1 

100,000 

12. 09 

126 

182 

56 

Natural  1-adrenalin  base 

1 

1 

100,000 

12. 14 

127 

184 

57 

Arterenol  hydrochloride 

1 

1 

100,000 

12. 18 

124 

179 

55 

Curare 

12. 21 

Natural  1-adrenalin  base 

1 

1 

1 

100,000 

12.28 

130 

193 

63 

Arterenol  hydrochloride 

1 1 

i 1 

100,000 

12.  31 

121 

184 

63 

Arterenol  hydrochloride 

1 

1 

100,000 

1.08 

131 

152 

21 

Natural  1-adrenalin  base 

1 

1 

100,000 

1.12 

131 

150 

19 

Arterenol  hydrochloride 

1 

1 

100,000 

1.16 

134 

156 

22 

Natural  1-adrenalin  base 

1 

1 

100,000 

1.20 

134 

155 

21 

Arterenol  hydrochloride 

' 1 

1 

100,000 

1.28 

132 

154 

22 

Curare 

i 

1 2 

1.44 

Arterenol  hydrochloride 

1 

1 

100,000 

2. 47 

142 

185 

43 

Natural  1-adrenalin  base 

1 

1 

100,000 

2.  50 

151 

195 

44 

Table  VIII.  (See  legend  to  Table  V.) 


Injec- 

tion. 

1 

Base. 

Ringer. 

Time  of 
injec- 
tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise  of 
blood 
pres- 
sure. 

C.  c. 

Gram. 

C.  c. 

P.  m. 

M.  TO. 

M.  TO. 

M.  TO. 

Natural  1-adrenalin  base 

1 

1 

80,000 

6.16 

157 

187 

30 

Arterenol  hydrochloride 

1 

1 

80,000 

6.20 

153 

184 

31 

Natural  1-adrenalin  base 

1 

1 

100,000 

7. 24 

123 

150 

27 

Arterenol  hydrochloride 

1 

1 

50,000 

7.26 

124 

162 

38 

Natural  1-adrenalin  base 

1 

1 

100,000 

7.30 

126 

154 

28 

Arterenol  hydrochloride 

1 

1 

50,000 

7.35 

126 

164 

38 

Arterenol  hydrochloride 

1 

1 

60,000 

7.39 

124 

152 

28 

Natural  1-adrenaIin  base 

1 

1 

60,000 

7.  42 

128 

155 

27 
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THE  RELATIVE  ACTIVITY  OF  ETHYL-AMINO-ACETO-CATECHOL  AND  NAT- 
URAL L-ADRENALIN  AS  DETERMINED  BY  BLOOD  PRESSURE. 


A substance  known  commercially  as  liomorenon  hydrochloride 
was  the  last  one  tested.  This  is  the  hydrochloride  of  ethyl-amino- 
aceto-catechol  represented  b}"  the  formula: 

OH 

C 

/ \ 

H-C  C-OH 

I I 

H-C  C-H 


COCHyNH(C2H5)-HCl 

It  is  a white  powder  composed  of  fine  crystalline  needles,  easily 
soluble  in  normal  saline,  and,  so  far  as  I have  been  able  to  deter- 
mine, keeps  much  better  than  any  of  the  products  already  men- 
tioned. Its  optical  activity  is  nil.  As  a vaso-constrictor  it  is 
inferior  to  all  of  the  other  substances  tested,  as  illustrated  in  Tables 
IX  and  X.  A 1 c.  c.  injection  of  a 1:160,000  solution  of  natural 
1-adrenalin  causes  a rise  of  blood  pressure  which  with  a like  volume 
of  liomorenon  is  equaled  onl}^  by  a 1 : 2,000  solution.  It  is  found 
that  a 1 c.  c.  injection  of  a 1 : 80,000  solution  of  adrenalin  base  causes 
the  same  rise  of  blood  pressure  as  a 1 c.  c.  injection  of  a 1:1,000 
solution  of  liomorenon.  So  that  by  the  blood-pressure  method, 
natural  1-adrenalin  base  is  eighty  times  as  active  as  liomorenon  base, 
the  base  being  calculated  from  the  foregoing  formula. 

Table  IX. — Physiological  activity  of  homorenon  hydrochloride  compared  with  that  of 

l-natural  adrenalin  base. 


Blood-pressure  experiment  No.  20.  March  16,  1909. 

Female  fox  terrier,  weight  6.S  kilograms.  10.15  a.  m.  subcutaneous  injection  of  68  mg.  of  morphine  sul- 
phate. Ether  anesthesia,  small  intravenous  injections  of  curare  from  time  to  time.  Both  vagi  tied  off. 
Artificial  respiration  of  warmed  air.  Solutions  injected  into  saphenous  veins. 

Five  milligrams  specially  pure  adrenalin  1-base  dissolved  10.23  a.  m.  in  5 c.  c.  of  Ringer  solution,  acidu- 
lated with  the  calculated  amount  of  HCl. 

Six  milligrams  arterenol  hydrochloride  dissolved  6 p.  m.  in  5 c.  c.  Ringer  solution. 

118.6  mg.  homorenon  h3Mroehloride  dissolved  11.30  a.  m.  in  10  c.  c.  of  Ringer  solution.  These  solutions 
were  then  diluted  as  if  they  were  the  equivalents  of  a 1 : 1,000  solution  of  adrenalin  base. 


Injec- 

tion. 

Base. 

Ringer. 

Time  of  i 
injec- 
tion. 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise  of 
blood 
pres- 
sure. 

Natural  1-adrenalin  base 

C.  c. 

1 

Gram. 

1 

C.  c. 
160,000 
2,000 

P.  m. 

3.49 

M.  m. 

180 

M.  m. 

204 

M.  TO. 
24 

Homorenon  hvdrochloride 

1 

1 

3.  51 

178 

202 

24 

Natural  1-adrenalin  base 

1 

1 

160,000 

160,000 

2,000 

3.  55 

177 

202 

25 

Natural  1-adrenaIin  base 

1 

1 

4.  6 

160 

186 

26 

Homorenon  hydrochloride 

1 

1 

4.9 

150 

175 

25 
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Table  IX. — Physiological  activity  of  homorenon  hydrochloride  compared  v:ith  that  of 
l-natural  adrenalin  base — Continued. 


1 

Injec- 

tion. 

I 

Base.  , 

Ringer. 

Time  of 
injec- 
tion. 

Blood  ' 
pres-  i 
sure  ■ 
before.  | 

Blood 

pres- 

sure 

after. 

Rise  of 
blood 
pres- 
sure. 

C.  c. 

1 

Gram. 

C.  c.  1 

P.  m. 

M.  TO.  ' 

M.  TO. 

M.  TO. 

Natural  1-adrenalin  base 

1 

1 

160,000  ! 

4.31 

156  : 

178 

22 

Homorenon  hvdrocbloride 

1 . 

1 

2,000 

4. 36 

154 

177  ! 

23 

Natural  1-adrenalin  base ' 

! 1 

1 

160,000 

5. 15 

172  ! 

186  : 

21 

Homorenon  hvdrocbloride 

! 1 

1 

2,000 

5.19 

173 

195 

22 

Natural  1-adrenalin  base 

! 1 

1 

160,000 

5.  22 

172  ■ 

194 

22 

Homorenon  hvdrocbloride 

1 

1 

2,000 

5. 25 

169 

191 

22 

Homorenon  hvdrocbloride 

’ 1 

1 

2,000 

5. 32 

155 

176 

21 

Table  X.  (See  legend  to  VI.) 


Injec- 

tion. 

Base.  1 

Ringer. 

Time  of ; 
injec-  1 
tion.  ; 

Blood 

pres- 

sure 

before. 

Blood 

pres- 

sure 

after. 

Rise  of 
blood 
pres- 
sure. 

C.  c. 

Gram. 

C.  c. 

P.  TO. 

Jf.TO.  i 

Jl.m. 

Af.  TO. 

Natural  1-adrenalin  base 

1 

1 

80,000 

1. 57 

138  i 

180 

42 

Homorenon  hvdrocbloride 

1 

1 

1,000 

2.1 

138 

1 180 

42 

Natural  1-adrenalin  base 

1 

1 

80,000 

2.28 

158 

I 208 

50 

Homorenon  hvdrocbloride 

1 

1 

1,000 

2.33 

156 

' 205 

49 

Natural  1-adrenalin  base 

1 

1 

80,000 

2.39 

166 

215 

49 

Homorenon  hvdrocbloride 

1 

1 

1,000 

2.  56 

164 

200 

36 

Natural  adrenalin  base 

1 

1 

80,000 

3.02 

162 

198 

36 

Homorenon  hvdrocbloride 

1 

1 

1,000 

3.  04 

156 

193 

37 

Natural  adrenalin  base 

1 

1 

80,000 

3.09 

160 

198 

38 

Natural  adrenalin  base 

1 

1 

80,000 

3.39 

174 

i 228 

54 

Homorenon  hvdrocbloride 

1 

1 

1,000 

170 

i 223 
1 • 

53 

THE  RELATIVE  TOXICITY  OF  ORTHO-DIOXY-PHENYL-ETHANOL-METHYL- 
AMIN  (NATURAL  L-  AND  SYNTHETIC  DL-ADRENALIN),  OF  ORTHO-DIOXY- 
PHENYL-ETHANOL-AMIN  (“ARTERENOL”),  AND  ETHYL-AMINO-DIOXY- 
ACETO-PHENON  (“HOMORENON”)  AS  DETERMINED  UPON  MICE. 

It  is  conceivable  that  coefficients  of  physiological  activity  of  a 
series  of  closely  related  compounds,  when  determined  by  vasomotor 
effects,  may  be  so  arranged  as  to  express  one  ratio,  whereas  those 
determined  by  toxic  effects  when  similarly  arranged  may  express 
a very  different  one.  That  is,  a coefficient  determined  by  the 
blood-pressure  method  may  be  relatively  small  when  compared 
with  that  determined  by  the  dose  necessary  to  kill,  say,  more 
than  50  per  cent  of  the  animals  injected.  It  would  seem  that  a 
comparison  of  such  coefficients  determined  in  various  ways  might 
throw  additional  light  on  the  relative  safety  and  effectiveness  of 
adrenalin-like  bodies.  But  scarcely  anything  has  been  published  from 
which  can  be  derived  the  coefficients  needed  in  making  the  above- 
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named  comparisons.  Hence,  with  a view  of  determining  the  relative 
toxicity  of  the  compounds  already  compared  by  the  blood-pressure 
method,  the  following  experiments  were  undertaken.  The  test  object 
chosen  is  the  ordinary  white  mouse,  reared  in  our  own  mousery  under 
conditions  well  under  control.  As  a rule  these  mice  when  placed  in 
individual  jars  on  a diet  of  oats  and  water  lose  in  weight,  but  after 
the  first  day,  upon  becoming  accustomed  to  their  new  surroundings, 
return  to  normal.  Generally  on  a given  day  the  mice  were  brought 
into  the  preparation  room,  weighed,  and  on  the  second  day  weighed 
again,  whereupon  the  dose  was  calculated  and  unless  otherwise 
stated  the  solution  made  up  and  injected  at  once.  All  mice  were 
injected  tailward  underneath  the  skin  of  the  back.  The  sjHnge 
used  was  calibrated  in  0.05  c.  c.,  standardized,  and  fitted  at  first  with 
a steel  needle.  Since  this  needle,  especially  if  tarnished,  decom- 
posed the  solutions,  a platinum-iridium  needle  was  substituted. 

The  phenomena  accompanying  subcutaneous  injections  of  this 
nature  may  be  summarized  as  follows : Soon  after  being  released  the 
animal  seeks  a corner  of  the  jar,  under  the  chaff,  or  at  once  stretches 
itself  lengthwise  upon  the  belly  with  hind  feet  directed  backward 
and  planta  turned  upward.  The  favorite  position  is  to  lie  upon  the 
cool,  moist  oat  jar  with  head  downward,  breathing  at  first  very 
rapidly  and  later  more  or  less  irregularly.  In  this  stage  the  animal 
may  be  highly  excitable,  its  reflexes  being  probably  intensified  not 
only  by  the  injected  material  but  also  by  the  fear  aroused  by  the 
smarting  of  the  needle’s  prick  and  by  fright  from  handling.  In  case 
the  dose  is  rather  large  the  bulbus  is  protruded,  and  the  glands  of 
the  eye  are  usually  stimulated  to  excessive  secretion. 

In  some  mice  thirty  to  sixty  mintues  after  injection  a small  opales- 
cent ® disc  appears  in  the  eye.  This  later  becomes  opaque  white  and 
may  be  confined  to  onl}^  one  or  extended  to  both  eyes.  The  phenom- 
enon seems  to  be  one  of  the  lens  and  resembles  cataract.  In  this 
respect  it  differs  from  the  opaquing  observed  in  the  eyes  of  frogs, 
for  in  the  latter  case  I have  proved  that  the  initial  opaquing  is  due  to 
coagulation  of  the  outer  membranes  of  the  bulbus  and  that  it  can  be 
removed  by  stripping  off  this  membrane,  whereupon  the  eye  becomes 
perfectly  clear.  In  the  eye  of  the  mouse  the  opaque  disc,  examined 
with  a magnifying  glass,  seems  to  be  underneath  the  cornea,  of  the 
size  and  position  of  the  lens.  The  following  protocol  is  taken  from 
a mouse  injected  with  arterenol  and  is  typical  of  the  cases  observed 
with  natural  1-  and  synthetic  dl-adrenalin : 

Mouse  324,  weight  22.22  gm.  March  15,  12.20  p.  m.,  injected  subcutaneously 
0.44  c.  c.  (0.88  mg.)  arterenol  hydrochloride. 

“After  this  section  had  been  written  I noticed  in  a recent  article  by  Emmert  a 
reference  to  his  observation  of  what  seems  to  be  a similar  phenomenon. 
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12.26,  lies  flat,  restless  from  time  to  time,  hind  leg  stretched  out,  but  Tvhen  touched 
is  jerked  away. 

12.30,  forced  breathing. 

12.33,  abundant  salivation,  leg  still  sensitive,  but  control  of  hip  muscle  imperfect. 

12.37,  lies  flat;  does  not  move  when  tail  is  pinched;  feet  and  leg  still  sensitive,  but 
reflex  not  so  rapid  as  before. 

1.34,  opaque  disc  in  center  of  left  eye. 

2.35,  opaque  disc  of  left  eye  much  larger,  opaque  disc  in  right  eye  also. 

March  16,  8.15  a.  m.  Both  eyes  cleared  up,  mouse  prostrated. 

March  17,  9 a.  m.  Mouse  prostrated,  eye  clear,  breathing  shallow  and  slow. 

12.20,  found  dead. 

The  saliva  may  or  may  not  flow  abundantly,  but  when  it  does  the 
amount  is  so  great  as  to  drop  from  the  lower  jaw.  In  the  males 
erection  may  follow  and  even  be  accompanied  by  semination.  Should 
the  dose  be  lethal  the  earlier  stages  are  passed  through  quickly;  in 
general  the  animal  becomes  very  sluggish,  largely  on  account  of 
constriction  of  the  blood  vessels,  causing  anaemia  not  only  of  the 
muscles,  but  also  of  the  cord  and  brain.  Sometimes  animals  die 
very  suddenly  from  doses  that  seem  hardly  to  affect  other  individ- 
uals. I am  inclined  to  think  that  in  such  cases  some  of  the  drug 
enters  a vein.  Otherwise  there  does  not  occur  any  explanation, 
unless  it  be  due  to  heart  failure,  such  as  indeed  has  been  noted  in 
apparently  vigorous  human  beings  under  the  influence  of  great  fear 
or  excitement.  lYhen  spasms  result,  the  animal  usually  dies  in 
one  to  two  minutes;  only  one  out  of  over  four  hundred  recovered, 
and  this  one  died  at  the  end  of  four  or  five  days.  IVhen  once  the 
lethal  dose  is  exceeded  death  becomes  more  violent,  accompanied 
by  spasms  of  very  short  duration. 

TOXICITY  OF  XATUEAL  L-ADEEXALIX. 

Judging  from  the  remarkable  activity  of  the  natural  1-adrenalin  in 
causing  vaso-constriction,  it  was  presumed  that  the  lethal  subcuta- 
neous dose  would  be  small.  The  experimental  data  of  Table  I justi- 
fies this  presumption,  for  0.008  mg.  per  gram  mouse  is  usually  fatal. 
Certain  mice  may  die  from  doses  as  small  as  0.004  mg.  per  gram,  but 
this  is  the  exception,  whereas  others  may  survive  as  much  as  0.017 
mg.  per  gram,  which  is  likewise  unusual.  Perhaps  a greater  num- 
ber of  experiments  might  reveal  certain  cases  of  even  greater  resist- 
ance, but  in  spite  of  these  exceptions,  as  seen  in  Table  XI,  it  may  be 
said  that  0.008  is  the  lethal  dose  for  the  a^mrage  mouse. 
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Table  XI. — Toxicity  of  pure  natural  1-adrenalin. 


Nvunber  of 
mouse. a 

Mg.  base 
per  gm.& 

Body 

weight. 

Injected. 

Died. 

Total. 

Time. 

Grams. 

C.  c. 

42 

0. 0005 

16. 45 

0.008 

0.04 

Dec.  3,  9.28  a.  m 

43 

0. 00075 

19. 28 

0. 014 

0.  07 

Dec.  3,  9.32  a.  m 

44 

0. 001 

16.62 

0. 017 

0.08 

Dec.  3,  9.33  a.  m 

52 

0. 001 

20.92 

0.021 

0. 10 

Dec.  4,  9.28  a.  m 

32 

0.002 

18. 23 

0.036 

0. 07 

Dec.  2,  9.29  a.  m 

0.002 

20.92 

0.042 

0.22 

Dec.  3,  9.37  a.  m ^ 

53 

0.002 

21.21 

0.042 

0.21 

Dec.  4,  9.26  a.  m 

62 

0.002 

12.20 

0.024 

0.02 

Dec.  5,  9.08  a.  m 

72 

0.002 

16.52 

0. 033 

0.03 

Dec.  7,  9.40  a.  m 

82 

0.002 

20.  40 

0. 040 

0.04 

Dec.  7,  2.01  p.  m 

• 

99 

0.004 

18.52 

0. 074 

0.08 

Xov.  30,  4.34  p.  m 

Xov.  30,  4.48  p.  m. 

33 

0.004 

17.89 

0. 071 

0. 15 

Dec.  2,  9.34  a.  m 

Dec.  2,  11.35  a.  m. 

46 

0.004 

19.  77 

0.  079 

0.42 

Dec.  3,  9.39  a.  m 

54 

0.004 

17.33 

0. 069 

0.35  i 

Dec.  4,  9.28  a.  m 

63 

0.004 

15. 80 

0.063 

0. 063 

Dec.  5,  9.11  a.  m 

73 

0.004 

17.  74 

0.  071 

0.07  i 

Dec.  7,  9.43  a.  m 

83 

0.004 

20.00 

0.080 

0.08  I 

Dec.  7,  2.05  p.  m ' 

oo 

0.005 

16. 14 

0.  081 

0.41 

Dec.  4,  9.32  a.  m 

56 

0.006 

13.62 

0.082 

0.41  1 

Dec.  4,  9.34  a.  m 

64 

0.006 

20.05 

0.120 

0.12 

Dec.  5,  9.13  a.  m 

74 

0.006 

14.54 

0. 087 

0.09 

Dec.  7,  9.45  a.  m 

84 

' 0.006 

17. 28 

0. 103 

0. 10 

Dec.  7,  2.07  p.  m 

112 

0.006 

12.41 

0.  074 

0.07 

Dec.  9,  5.21  p.  m 

152 

0.006 

17.  77 

0. 107 

0.11 

i Jan.  4,  2.52  p.  m. 

155 

0.006 

16. 55 

0.099 

0. 10 

Jan.  4,  2.55  p.  m 

Jan.  5,  12.15  a.  m.  (W.) 

158 

0.006 

13. 07 

0. 078 

0. 08 

Jan.  4,  3.08  p.  m 

23 

0.008 

18. 15 

0. 145 

0. 16 

Xov.  30,  4.37  p.  m 

Xov.  30,  4.43  p.  m. 

34...: 

0.008 

15. 98 

0. 128 

0. 14 

1 Dec.  2,  9.19  a.  m 

Dec.  2,  12.34  p.  m. 

65 

0.008 

20.51 

0. 164 

0. 16 

j Dec.  5,  9.16  a.  m 

Dec.  5,  10  p.  m. 

75 

0.008 

20.50 

0.164 

0. 16 

Dec.  7,  9.48  a.  m 

Dec.  7,  6 to  7 p.  m. 

85 

0.008 

16.00 

0. 128 

0. 13 

Dec.  7,  2.10  p.  m 

113 

0.008 

16. 30 

0. 130 

0. 13 

; Dec.  9,  5.23  p.  m 

Dec.  9,  8 p.  m.  (W.) 

153 

0.008 

18.27 

0. 146 

0. 15 

1 Jan.  4,  2.53  p.  m 

156 

0.008 

16. 65 

0. 133 

0. 13 

j Jan.  4,  3.03  p.  m 

159 

0.008 

13. 79 

0. 110 

0. 11 

' Jan.  4,  3.10  p.  m 

218 

' 0.008 

19. 39 

0. 160 

0.16 

: Jan.  9,  3.07  p.  m 

Jan.  9,  3.20  p.  m. 

991 

! 0.008 

15.12 

0. 120 

0.12 

1 Jan.  9,  3.13  p.  m 

Jan.  10,  10.30  a.  m.  (W.) 

994 

1 0.008 

! 13. 61 

0.110 

0. 11 

Jan.  9,  4.54  p.  m 

' Jan.  10,  4.30  a.  m.  (W.) 

997 

' 0.008 

13.  78 

0.  no 

0. 11 

Jan.  9,  5.01  p.  m 

1 Jan.  10,  10.30  a.  m.  (W.) 

230 

! 0.008 

14. 84 

0. 120 

0.12 

Jan.  9,  5.10  p.  m 

Jan.  10, 3.30  a.  m.  (W.) 

66 

: 0.010 

12. 66 

0. 127 

0. 13 

Dec.  5,  9.19  a.  m 

Dec.  5,  4.20  p.  m. 

76 

: 0. 010 

17. 24 

0. 170 

0. 17 

i Dec.  7,  9.50  a.  m 

Jan.  7,  2.26  p.  m. 

86 

' 0. 010 

13.04 

0. 130 

0. 13 

Dec.  7,  2.12  p.  m 

114 

' 0. 010 

20. 28 

i 0. 203 

0.20 

Dec.  9,  5.25  pi  m 

154 

' 0.010 

19.04 

0. 190 

0. 19 

Jan.  4,  2.55  p.  m 

Jan.  6,  11.05  a.  m. 

157 

i 0.010 

16. 51 

0. 165 

0. 16 

Jan.  4,  3.05  p.  m 

Jan.  6,  12.45  a.  m.  (W.) 

160 

j 0. 010 

13.00 

0. 130 

0. 13 

Jan.  4,  3.13  p.  m 

215 

0.010 

14. 55 

0. 150 

0. 15 

Jan.  9,  3.00  p.  m 

Jan.  10,  12.55  p.  m.  (W.) 

216 

1 0. 010 

18.04 

• 0. 180 

0.18 

, Jan.  9,  3.03  p.  m 

Jan.  9,  3.22  p.  m. 

a Mice  not  marked  “ W ” or  “ F ” were  observed  by  the  author  to  die  at  time  noted. 
b These  figures  are  only  approximate.  The  actual  dose  is  in  the  column  “total  milligrams  injected.” 
W.  Time  noted  by  watchman. 


Table  XI. — To:cidty  of  pure  natural  l-adrenalin — Continued. 


Xumber  of 
mouse. 

Mg.  base 
per  gm. 

Body 

weight. 

Total.  1 

Injected. 

Time. 

Died. 

Grams. 

Mg. 

C.c.  : 

219 

0. 010 

12  73 

0. 130 

0. 13  1 

Jan.  9,  3.09  p.  m 

ooo 

0. 010 

13.58 

0. 140 

0.14  ' 

Jan.  9,  3.15  p.  m ' 

225 

0.010 

15.44 

0. 150 

0.15 

Jan.  9,  4.57  p.  m | 

Jan.  10,  3.30  a.  m.  (W.) 

228 

0.010 

13.72 

0. 140 

0. 14 

Jan.  9,  5.05  p.  m 

Jan.  10,  5.14  p.  m. 

231 

0.010 

15.  77 

0. 160 

0.16 

Jan.  9,  5.12  p.  m 

Jan.  9,  5.28  p.  m. 

115 

0.012 

13.  74 

0. 165 

0.16 

[ Dec.  9,  5.27  p.  m ; 

Dec.  9,  6.30  p.  m.  (W.) 

217 

0.012 

14.80 

0.  ISO 

0. 18 

Jan.  9,  3.05  p.  m 

220 

0. 012 

19.83 

0.240 

0.24  : 

1 

Jan.  9,  3.12  p.  m 1 

! Jan.  12,  8 a.  m.  (W.) 

223 

0.012 

17.80 

0.210 

0.21 

Jan.  9,  3.19  p.  m 

! Jan.  9,  3.35  p.  m. 

226 

0. 012 

1.3. 04 

0. 140 

0.14 

Jan.  9,  4.59  p.  m 

Jan.  9,  5.11  p.  m. 

229 

0.012 

12.11 

0. 140 

0.14 

Jan.  9,  5.07  p.  m 

Jan.  9,  5.26  p.  m. 

232 

0.012 

13.22 

0.140 

0. 14 

Jan.  9,  5.15  p.  m 

Jan.  9,  522  p.  m. 

24 

0. 013 

15.  77 

0.210  ' 

0.21 

Xov.  30,  4.40  p.  m 

Dec.  1,  9 p.  m.  (F.) 

35 

0. 013 

13. 43 

0.180 

0.18 

Dec.  2,  9 “^1  a.  m 

Dec.  2,  11  a.  m. 

116  

0.  014 

16.78 

0.230 

0.23 

Dec.  9,  5.29  p.  m 

Dec.  10,  12,15  a.  m. 

12 

0.  0147 

18.27 

0.270 

0.27 

Xov.  28 

1 Xov.  28,  4.40  p.  m.  (W.) 

0. 017 

18.20 

0. 318 

0.32 

Xov.  23,  1.18  p.  m 

8 

0. 017 

17.09 

0.298 

0.30 

Nov.  23 

' Nov.  25,  10  p.  m. 

13 

0. 017 

20. 18 

0.350 

0.35 

Xov.  28,  3.18  p.  m 

; Xov.  28,  3.29  p.  m. 

25 

0. 017 

17.04 

0.300  1 

0.30 

Xov.  30,  4.43  p.  m 

Nov.  30,  4.55  p.  m. 

26 

0.0218 

16.  75 

0.370 

0.37 

Xov.  30,  4.47  p.  m 

Dec.  1, 1.45  a.  m.  (W.) 

14 

0. 0218 

21.52 

0. 470 

0. 47 

Xov.  28,  3.22  p.  m 

Nov.  28,  6.30  p.  m.  (W.) 

36 

0.022 

17. 97 

0.410 

0. 41 

Dec.  2,  9.23  a.  m 

Dec.  2,  9.28  a.  m. 

9 

0.026 

12.38 

0.320 

0.32 

Xov.  23,  10.54  a.  m 

Nov.  27,  1.50  a.  m.  (F.) 

10 

0.035 

14.40 

0.500 

0.50 

Nov.  25,  11.23  p.  m 

Nov.  26,  6 p.  m.  (F.) 

15 

0.035 

19.26 

0.590 

1 

0.59 

t 

Xov.  28,  p.  m 

Nov.  30,  8.55  p.  m.  (F.) 

F.  Found  dead  at  time  noted. 
W.  Time  noted  by  watchman. 


In  order  to  avoid  errors  from  deterioration  the  solutions  were  usually  made  up  just 
before  using,  5 mgs.  of  the  base  having  been  weighed  up  and  dissolved  in  5 c.  c.  of  Ringer 
solution.  The  solvent  was  acidified  with  hydrochloric  acid  slightly  in  excess  of 
the  amount  necessary  to  transform  the  adrenalin  into  the  chloride.  If  more  specific 
information  is  desired  as  to  the  age  of  a solution  at  the  time  of  any  given  injection  it 
is  easily  obtained  by  the  aid  of  the  following  data  in  conjunction  with  the  time  of 
the  injection  given  in  the  tables: 

Mice  Xos.  12,  13,  14,  15,  16,  solution  made  up  about  9 a.  m.  November  27,  1908. 

Mice  Xos.  42  to  46,  inclusive,  solution  made  up  about  11  a.  m.  December  2,  1908. 

Mice  Xos.  52  to  56,  inclusive,  solution  made  up  about  9 a.  m.  December  4,  1908,  and 
diluted  to  1:5,000. 

Mice  Xos.  62  to  66,  inclusive,  the  solution  was  made  up  between  9 and  11  a.  m. 
December  4,  1908. 

Mice  Xos.  72  to  76,  inclush'e,  the  solution  was  made  up  11.50  a.  m.  December  5, 1908. 

Mice  Xos.  72,  73,  74,  75,  and  76  had  been  injected  with  0.008,  0.014,  0.017,  0.044, 
and  0.085  mg.  of  adrenalin,  respectively. 

Mice  Xos.  82,  83,  84,  85,  and  86,  solution  made  up  11.50  a.  m.  December  5.  These 
mice  had  been  injected  on  December  4 with  0.021,  0.042,  0.069,  0.081,  and  0.082  mg. 
of  adrenalin,  respectively. 

Xos.  112  to  116,  inclusive,  solution  made  up  11.30  a.  m.  December  9. 

Xos.  152  to  160,  inclusive,  solution  made  up  about  2.30  p.  m.  January  4,  1909. 

Xos.  215  to  232,  inclusive,  solution  made  up  between  2 and  3 p.  m.  January  9. 
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TOXICITY  OF  SYNTHETIC  DL- ADRENALIN. 

If  instead  of  natural  1-adrenalin  synthetic  dl-adrenalin  hydrochloride 
be  used  the  symptoms  of  toxicity  are  practically  the  same  as  those 
described  for  adrenalin.  There  is,  however,  greater  irregularity  in 
the  results.  In  exceptional  cases  0.006  to  0.008  mg.  per  gram 
mouse  may  cause  death.  (Table  XII.)  By  increasing  the  size  of 
the  initial  dose  the  number  of  deaths  likewise  becomes  larger,  so  that 
injections  of  0.012  mg.  may  result  in  a death  rate  even  as  high  as 
does  one  of  0.020  mg.  per  gram  body  weight.  The  lethal  dose, 
therefore,  may  be  said  to  be  from  0.012  to  0.016  mg.  per  gram. 
This  would  make  the  natural  product  1.5  to  2 times  as  toxic  as  the 
synthetic.  It  is  interesting  to  observe  that  the  toxicity  of  the  two 
substances  is  in  direct  proportion  to  their  vaso-constrictor  action  as 
measured  by  the  blood-pressure  method. 

Table  XII. — Toxicity  of  synthetic  dl-adrenalin  hydrochloride. 


Number  of 

Mg.  base 

Body 

Injected. 

i 

Died. 

mouse. o 

per  gm.6 

weight. 

Total. 

Time. 

102  

0. 002 

Grams. 
15.  48  1 

Mg. 
0. 030 

C.c. 
0.  03 

• 

Dec.  9,  9.45  a.  m 

142 

0.002 

26.  57 

0. 053 

0.  05 

Dec.  10,  3.43  p.  m 

147 

0. 002 

! 25. 27 

0. 05 

0.  05 

Dec.  10,  3.56  p.  m 

103 

0. 004 

14.  44 

0.06 

0. 06 

Dec.  9,  9.48  a.  m 

143 

0.  004 

23.24 

0.  092 

0. 09 

Dec.  10,  3.45  p.  m 

148., 

0.  004 

17.43 

0.  069 

0. 07 

Dec.  10,  3.58  p.  m 

104 

0.  006 

15.  22 

0.091 

0.09 

Dec.  9,  9.51  a.  m 

144 

0.  006 

23.50 

0. 141 

0. 14 

Dec.  10,  3.48  p.  m 

149 

0.  006 

23.  00 

0. 138 

0.14 

Dec.  10,  3.59  p.  m 

343 

0.  006 

13.  56 

0.  081 

0.  08 

Mar.  15,  3.10  p.  m 

Mar.  15,  3.32  p.  m. 

344 

0.  006 

i 11.77 

0.  070 

0.  07 

Mar.  15,  3.11  p.  m 

345 

^ 0. 006 

1 

1 12. 97 

0.  077 

0.  07 

Mar.  15,  3.12  p.  m 

346 

0.  006 

13.  34 

0.080 

0.  08 

Mar.  15,  3.14  p.  m 

347 

0.  006 

14.  72 

0.  088 

0.  08 

Mar.  15,  3.16  p.  m 

105 

0.  008 

17.  24 

0. 138 

0. 14 

Dec.  9,  9.53  a.  m 

Dec.  10,  12  m. 

145 

0.  008 

24.21 

0. 194 

0. 19 

Dec.  10,  3.50  p.  m * 

150 

0.  008 

24.24 

0. 194 

0. 19 

Dec.  10,  4.01  p.  m 

348 

0.  008 
0.  008 

20.  46 

0. 163 

0. 16 

Mar.  15,  3.18  p.  m 

349 

16. 15 

0. 130 

0. 13 

i 

Mar.  15,  3.20  p.  m 

Mar.  15,  5.30  p.  m.  (F.). 

350 

0.  008 

15.39 

0. 123 

0. 12 

Mar.  15,  3.22  p.  m 

351 

0.  008 

13.  84 

0. 110 

0. 11 

Mar.  15,  3.24  p.  m ' 

106 

0.  010 

15.  87 

0. 159 

0. 16 

Dec.  9,  9.56  a.  m 

Dec.  10,  12.15  a.  m.  (W.). 

146 

0.  010 

22.  46 

0.  225 

0.  22 

Dec.  10,  3.53  p.  m 

151 

0.  010 

19.  37 

0. 193 

0. 19 

Dec.  10,  4.03  p.  m 

353 

0.  010 
0.  010 

15.  45 
11,  80 

0. 154 

0. 15 

Mar.  15,  3.34  p.  m ! 

354...  . 

0. 118 

0. 12 

Mar.  15,  3.35  p.  m i 

355 

0. 010 

i 17.38 

0. 173 

0.17 

Mar.  15,  3.37  p.  m j 

Mar.  16,  8 a.  m.  (F.). 

a Mice  not  marked  “ W ” or  “ F ” were  observed  by  the  author  to  die  at  the  time  noted. 
b These  figures  are  only  approximate.  The  actual  dose  is  in  column  “Total  milligrams  injected." 


W.  Time  noted  by  watchman. 
F.  Foiond  dead  at  time  noted. 
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Table  XII. — Toxicity  of  synthetic  dl-adrenalin  hydrochloride — Continued. 


Number  of 

Mg.  base 

Body 

Injected. 

Died. 

mouse. 

per  gm. 

weight. 

Total. 

Time. 

356 

0. 010 

Grams. 
12. 26 

Mg. 
0. 122 

C.  c. 
0. 12 

Mar.  15,  3.39  p.  m 

357 

0.010 

18.  47 

0. 184 

0.18 

Mar.  15,  3.40  p.  m 

Mar.  17,  1.15  a.  m. 

161 

0.  012 

18.09 

0.217 

0.  22 

Jan.  4,  3.25  p.  m 

164 

0.  012 

15. 11 

0.  181 

0. 18 

Jan.  4,  3.35  p.  m 

Jan.  6,  2.30  p.  m. 

167 

0.  012 

15. 18 

0.  182 

0. 18 

Jan.  4,  3.40  p.  m 

Jan.  5,  12.15  a.  m.  (W.). 

188 

0.  012 

14.  55 

0. 174 

0. 17 

Jan.  8,  11.29  a.  m 

191 

0.  012 

16.  20 

0. 194 

0. 19 

Jan.  8,  11.44  a.  m 

Jan.  9,  1.30  a.  m.  (W.). 

194 i 

0.  012 

15. 15 

0. 181 

0.  18 

Jan.  8,  11.52  a.  m 

Jan.  10,  10.30  a.  m.  (W.). 

358 

0.  012 

18.  00 

0. 180 

0.  18 

Mar.  15,  3.42  p.  m 

359 

0.  012 

13.  62 

0. 136 

0. 13 

Mar.  15,  3.44  p.  m 

360 

0.  012 

13.49 

0. 135 

0. 13 

Mar.  15,  3.46  p.  m 

361 

0.012 

15.  80 

0. 158 

0. 15 

Mar.  15,  3.47  p.  m 

362 

0.  012 

20.  24 

0.  202 

0.  20 

Mar.  15,  3.48  p.  m 

162 

0.  016 

19.91 

0.  319 

0.  32 

Jan.  4,  3.28  p.  m 

Jan.  5,  1.30  a.  m.  (W.). 

165 

0.  016 

15.  92 

0.  255 

0.  25 

Jan.  4,  3.36  p.  m 

Jan.  6,  10.05  a.  m. 

168 

0.  016 

15.  35 

0.  246 

0.  25 

Jan.  4,  3.44  p.  m 

189 

0.  016 

14.  35 

0.  230 

0.  23 

Jan.  8,  11.40  a.  m 

Jan.  10,  10.30  a.  m.  (W.). 

192 

0.  016 

21.54 

0.  345 

0.  34 

Jan.  8,  11.48  a.  m 

Jan.  8,  4.50  p.  m.  (F.). 

195 

0.  016 

14.08 

0.  225 

0.  23 

Jan.  8,  12.05,  p.  m 

Jan.  10,  10.30  a.  m.  (W.). 

163 

0.  020 

21.  37 

0.  427 

0.  43 

Jan.  4,  3.32  p.  m 

166 

0.  020 

17.  85 

0.  357 

0.  36 

Jan.  4,  3.38  p.  m 

Jan.  5,  12.15  a.  m.  (W.). 

169 

0.  020 

15.  54 

0.  311 

0.  31 

Jan.  4,  3.47  p.  m 

190 

0.  020 

17.  53 

0.  350 

0.  35 

Jan.  8,  11.42  a.  m 

Jan.  8,  4.50  p.  m.  (F.). 

193 

0.  020 

19.  30 

0.  386 

0.  39 

Jan.  8,  11.50  a.  m 

Jan.  9,  2.30  a.  m.  (W.). 

196 

0.  020 

12.  54 

0.  250 

0.  25 

Jan.  8,  12.07  p.  m 

W.  Time  noted  by  watchman, 
F.  Found  dead  at  time  noted. 


Note. — Concentration  of  the  solutions  made  from  synthetic  dl-adrenalin  hydrochloride  crystals  and  th 
time  of  mixing  them  are  as  follows: 

Nos.  102  to  106,  inclusive,  G mg.  crystals  in  5 c.  c.  Ringer  solution  about  9 a.  m.  December  9,  1908. 

Nos.  142  to  151,  inclusive,  6 mg.  crystals  dissolved  in  5 c.  c.  of  Ringer  solution  just  before  using. 

Nos.  161  to  169,  inclusive,  6 mg.  crystals  dissolved  in  5 c.  c.  of  Ringer  solution  aboiat  3 p.  m.  January  4, 1909. 


TOXICITY  OF  ARTERENOL  HYDROCHLORIDE. 

Arterenol  (see  Table  XIII)  differs  from  natural  1-  and  synthetic  dl- 
products  in  two  essentials;  (1)  it  is  far  less  toxic,  and  (2)  it  is,  as  said 
before,  more  variable  in  its  action.  If  the  animal  can  survive  the 
first  tremendous  strain  upon  the  organism,  it  has  greater  chances  of 
recovery  from  arterenol  than  from  doses  of  adrenalin  causing  a cor- 
responding degree  of  prostration.  If  the  animal  is  again  injected 
after  recovery  from  sublethal  doses,  the  resulting  prostration  is  as  a 
rule  correspondingly  less  severe,  and  doses  that  are  usually  lethal  no 
longer  proved  to  be  so.  This  is  illustrated  by  mice  in  groups  (a)  and  (b) 
(Table  XIII) . In  the  one  case  0.040  mg.  and  in  the  other  0.080  mg.  per 
gram  mouse  is  with  one  exception  in  each  group  successfully  resisted. 
Whether  or  not  this  is  a case  of  acquired  tolerance  or  whether  it  is  a 
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mere  accident  that  these  groups  are  made  up  of  unusually  resistant 
mice,  is  difficult  to  say.  A greater  niunber  of  experiments  will  have  to 
be  made  to  decide  positively.  Nevertheless,  the  blank  spaces  in  the 
last  column  of  the  table  indicate  a resistance  to  the  second  dose 
and  is  very  suggestive  of  the  idea  that  the  first  injections  are  a 
determining  factor  in  making  tliis  resistance  possible. 

At  any  rate,  it  is  liighly  important  in  experiments  of  tliis  nature  that 
only  the  results  obtained  with  fresh  mice  be  compared  with  each  other. 
When  tliis  is  done  it  will  be  observed  (Table  XIII)  that  as  small  a 
dose  as  0.008  mg.  per  gram  body  weight  may  cause  death;  on  the 
other  hand,  even  three  times  tliis  dose  kills  only  1 mouse  out  of  14. 
The  dose  must  be  0.040  mg.  per  gram  mouse  before  any  appreciable 
number  die,  though  not  a few  mice  may  survive  a dose  as  large  as 
0.080  mg.  per  gram.  It  is  then  safe  to  say  that  the  lethal  dose  for 
the  average  mouse  is  about  0.040  mg.  per  gram  body  weight.  If  the 
lethal  dose  be  placed  at  0.040  mg.  per  gram,  then  natural  1-adrenahn 
is  five  times  as  toxic  as  arterenol. 


Table  XIII. — Toxicity  of  arterenol  hydrochloride. 


Number  of 
mouse.a 

Mg.  base 
per  gm.^ 

Body 

weight. 

Injected. 

Total.  ! 

1 

Time. 

i 

1 

Grams. 

Mg.  i 

C.c.  1 

67  1 

0. 004 

14. 24 

0.  057  j 

0.06 

Dec.  5,  9.23  a.  m 

107 : 1 

0. 004 

15.43 

0.061 

0. 06 

Dec.  9,  9.22  a.  m 

68 

0. 008 

16.  50 

0. 132 

0.13 

Dec.  5,  9.28  a.  m 

0.008 

18.  34 

0. 146 

0.15  : 

Dec.  9,  9.24  a.  m 

69 1 

0.  012 

19.19 

0.240 

0.24  1 

Dec.  5,  9.30  a.  m 

109 i 

0. 012 

17. 26 

0. 207 

0.21  ! 

Dec.  9,  9.27  a.  m j 

117 ' 

0. 012 

16. 23 

0. 195 

0.20 

Dec.  9,  5.36  p.  m | 

179 

0. 012 

14. 47 

0. 173 

0. 17 

Jan.  5 

182 i 

0.  012 

1 

; 19. 77 

0.237 

0.24 

Jan.  5 

185 

0.012 

’ 16. 87 

0. 200 

0.20 

Jan.  5 

70 * 

0. 016 

1 17. 20 

0.275 

0.  27 

Dec.  5,  9.34  a.  m 

110 

0.  016 

19.  94 

0.  318 

0.32 

Dec.  9,  9.30  a.  m 

118 

1 0. 016 

17. 18 

0.275 

0.27 

Dec.  9,  5.38  p.  m 

180 

0.  016 

1 18. 77 

0.  300 

0. 30 

Jan.  5.  

183 

j 0.016 

1 18. 90 

0.  302 

0. 30 

Jan.  5 

186 

0. 016 

14.  54 

0.233 

0. 23 

Jan. 5 

111 

1 0. 020 

10.  56 

0. 211 

0. 21 

Dec.  9,  9.37  a.  m 

119 

i 0. 020 

14.80 

0.296 

0.  30 

Dec.  9,  5.40  p.  m 

181 

0.  020 

16.  30 

0.326 

0.  33 

Jan.  5 

184 

0.020 

15.92 

0.  318 

0.32 

Jan.  5 

187 

0.020 

15.92 

0. 318 

0. 32 

Jan.  5 

120 

0.  024 

19. 13 

0.  459 

0.46 

Dec.  9,  5.43  p.  m 

197 

0.  024 

' 15. 63 

0. 370 

0.37 

Jan.  8, 1.25  p.  m ] 

200 

0. 024 

13.  62 

0. 330 

0.33 

Jan.  8, 1.30  p.  m | 

203 

0.  024 

13. 32 

0.  320 

0. 32 

Jan.  8, 1.55  p.  m : 

Died. 


Dec.  8,  12.45  p.  m. 


Dec.  11,  9.40  a.  m.  (F.), 
Dec.  9,  5.43  p.  m. 


Dec.  12. 


a Mice  not  marked  “ W ” or  “ F ” were  observed  by  the  author  to  die  at  the  time  noted. 

These  figures  are  only  approximate.  The  actual  dose  is  in  colmnn  “Total  Mgs.  or  C.  c.  injected.” 


F.  Found  dead  at  time  noted. 
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Table  XIII. — Toxicity  of  arterenol  hydrochloride — Continued. 


Number  of 

Mg.  base 

Body 

weight. 

Injected. 

Died. 

mouse. 

per  gm. 

Total. 

Time. 

206  

0. 024 

Grams. 

15.01 

Mg. 
0. 360 

C.  c. 
0. 36 

Jan.  9, 1.50  p.  m 

209  

0.  024 

16.  48 

0.  400 

0. 40 

Jan.  9, 1.56  p.  m 

212 

0.  024 

17. 37 

0.  420 

0.42 

Jan.  9,  2.4  p.  m 

314... • 

0.  024 

14.06 

0.  330 

0.16 

Jan.  20,  6.56  p.  m 

317 

0.  024 

15.17 

0.  360 

0. 18 

Jan.  20,  7.2  p.  m 

320  

0.  024 

18.21 

0.  430 

0.  21 

Jan.  20,  7.11  p.  m 

179a 

0.  024 

13.51 

0.  320 

0. 32 

Jan.  8, 12.37  p.  m 

121 

0.  028 

14.  43 

0.  404 

0.  40 

Dec.  9,  5.45  p.  m 

185a. 

0.  024 

15.  72 

0. 380 

0. 38 

Jan.  8, 12.54  p.  m 

182a 

0.  024 

18.  78 

0.  450 

0.  45 

Jan.  8, 12.44  p.  m 

Jan.  11, 1.45  a.  m.  (W.). 

183a 

0.  032 

17.  60 

0.  590 

0.  59 

Jan.  8,  12.47  p.  m 

186a 

0.  032 

12.  88 

0.410 

0.  41 

Jan.  8, 12.56  p.  m 

198.; 

0.  032 

20.  23 

0.  650 

0.  65 

Jan.  8, 1.27  p.  m 

Jan.  9,  9.40  a.  m.  (F.). 

201 

0.  032 

15.  25 

0.  490 

0.  49 

Jan.  8,  1.33  p.  m 

204 

0.  032 

13.  75 

0.  440 

0.  44 

Jan.  8, 1.58  p.  m 

Jan.  9, 12.50  a.  m.  (W.). 

207 

0.  032 

16.  60 

0.'  530 

0.  53 

Jan.  9,  1.53  p.  m 

Jan.  10, 12.15  a.  m.  (W.). 

210 

0.  032 

13.40 

0.  430 

0.  43 

Jan.  9,  1.  58  p.  m 

180a 

0.  032 

17.  59 

0.  590 

0.  59 

Jan.  8, 12.39  p.  m 

213 

0.  032 

14.14 

0.  45 

0.  45 

Jan.  9,  2.6  p.  m 

315 

0.  030 

21.06 

0.  63 

0.31 

Jan.  20,  6.58  p.  m 

Jan.  20,  7.8  p.  m. 

318 

0.  030 

16. 21 

0.  48 

0. 24 

Jan.  20,  7.6  p.  m 

Jan.  22,  4.30  p.  m. 

321 

0.  030 

19.  84 

0.  59 

0. 29 

Jan.  20,  7.13  p.  m 

Jan.  22,  9 a.  m.  (W.). 
Jan.  9 (?),  10.45  a.  m. 
Jan.  11, 10.30  a.  m.  (W.). 

199 

0.  040 

18. 12 

0.  72 

0.  72 

Jan.  8, 1.28  p.  m 

202 

0.  040 

19.  20 

0.  77 

0.  77 

Jan.  8,  1.54  p.  m 

205 

0.  040 

13.  04 

0.  52 

0.52 

Jan.  8,  1.59  p.  m 

203a 

0.  040 

13.67 

0.  54 

0.  54 

Jan.  12,  4.4  p.  m 

Jan.  12,  4.15  p.  m. 

208 

0.  040 

15.  58 

0.62 

0.62 

Jan.  9,  1.55  p.  m 

Jan.  11, 12.10  a.  m.  (W.). 

211 

0.  040 

17.  44 

0.  70 

0.  70 

Jan.  9,  2 p.  m 

Jan.  11,  3 p.m.  (W.). 
Jan.  10, 10.30  a.  m.  (W.). 

214 

0. 040 

17.  87 

0.  72 

0.  72 

Jan.  9,  2.8  p.  m 

305 

0.  040 

20. 12 

0. 80 

0.  40 

Jan.  20,15.7  p.  m 

Jan.  20,  6-.12  p.  m. 

308 

0.  040 

19.52 

0.  78 

0.  36 

Jan.  20,  6.15  p.  m 

Jan.  20,  6.31  p.  m. 

311 

0.040 

15.  02 

0.  60 

0.  30 

Jan.  20,  6.24  p.  m 

316 

0.040 

14.  48 

0.  58 

0.  29 

Jan.  20,  7 p.  m 

Jan.  20,  7.7  p.  m. 

319 

0.040 

15.  39 

0.  61 

0.  30 

Jan.  20,  7.9  p.  m 

205a 

0.  040 

12.  45 

0.  49 

0.  49 

Jan. 12 

197a 

0.  040 

14.  07 

0.  56 

0.  56 

Jan. 12 

200a 

0.  040 

13.  60 

0.  54 

0.  54 

Jan. 12 

201a 

0.  040 

14.21 

0.  57 

0.  57 

Jan. 12 

322 

0. 040 

17.  90 

0.  71 

0. 35 

Jan.  20,  7.15  p.  m 

Jan.  21,  7.55  p.  m.  (F.). 

181a 

0.  040 

16.  45 

0.  66 

0.  66 

Jan.  8, 12.42  p.  m 

184a. . 

0.  040 

14. 17 

0.  56 

0.  56 

Jan.  8,  12.52  p.  m 

187a 

0.  040 

14.  78 

0.  59 

0.  59 

Jan.  8, 12.58  p.  m 

206a 

0.  040 

12.87 

0.  51 

0.  51 

Jan. 12 

209a 

0.  040 

15. 38 

0.  61 

0.  61 

Jan. 12 

210a 

0.  040 

13.  45 

0.  53 

0.  53 

Jan. 12 

212a 

0.  040 

14.  94 

0.  60 

0.  60 

Jan.  12 

213a 

0.  040 

13.  54 

0.  55 

0.  55 

Jan. 12 

217a 

0.  040 

11.48 

0.  46 

0.  46 

Jan. 12 

219a 

0.  040 

12.  63 

0.  50 

0.  50 

Jan. 12 

222a 

0.040 

12. 26 

0.  49 

0.  49 

Jan. 12 

F.  Found  dead  at  time  noted. 
W.  Time  noted  by  watchmen. 
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Table  XIII. — Toxicity  of  arterenol  hydrochloride — Continued. 


Number  of 
mouse. 

Mg.  base 
per  gm. 

Body 

weight. 

Injected. 

Died. 

Total. 

Time. 

Grams. 

Mg. 

C.  c. 

233 

0. 040 

14. 35 

0.  56 

0.  56 

Jan. 12 

234 

0.040 

18.16 

0. 72 

0.  72 

Jan. 12 

235 

0. 040 

16.  90 

0.  67 

0.  67 

Jan. 12. . 

237 

0. 040 

18.  39 

0.  73 

0.  73 

Jan. 12 

238 

0. 040 

15. 06 

0.  60 

0.  60 

Jan. 12 

239 

0. 040 

16. 35 

0.  65 

0.  65 

Jan.  12,  4.50  p.  m 

Jan.  16,  8 a.  m. 

240 

0. 040 

13.  57 

0.  57 

0.  57 

.Tan . 1 2 ' 

241 

0. 040 

15.  21 

0.61 

0.61 

Jan. 12. . 

323 

0. 040 

15. 85 

0.  63 

0.31 

Mar.  15,  12.18  p.  m 

Mar.  17,  6.45  a.  m.  (W.). 

324 

0.  040 

22.  22 

0. 88 

0.  44 

Mar.  15,  12.20  p.  m 

Mar.  17,  12.20  p.m.  (F.). 

325 

0.  040 

19.  89 

0. 80 

0. 40 

Mar.  15,  12.23  p.  m 

326 

0.  040 

15. 39 

0.61 

0. 30 

Mar.  15,  12.25  p.  m 

Mar.  16,  6 a.  m.  (W.). 

327 

0. 040 

13.  92 

0.  55 

0.  27 

Mar.  15,  12.27  p.  m 

197b 

0. 060 

14.  53 

0.  87 

0.43 

Jan.  16, 11.1  p.  m 

200b 

0. 060 

. 13.60 

0.  84 

0.42 

Jan.  16, 11.3  p.  m 

201b 

0. 060 

14.  51 

0.  87 

0.  43 

Jan.  16,  11.5  p.  m 

306 

0. 060 

17.  44 

1.05 

0.52 

Jan.  20,  6.11  p.  m 

Jan.  20,  6.21  p.  m. 

309 

0.  060 

23.06 

1.38 

0.  69 

Jan.  20,  6.18  p.  m 

Jan.  20,  7.14  p.  m. 

312 

0. 060 

19.  03 

1.14 

0.  57 

Jan.  20,  6.27  p.  m 

Jan.  23,  8 p.  m. 

328 

0. 060 

21.37 

1.28 

0.  64 

Mar.  15, 12.33  p.  m 

Mar.  15,  3.30  p.  m.  (F.). 

329 

0. 060 

16.  54 

0.  99 

0.  49 

Mar.  15,  12.40  p.  m 

It' 

330 

0. 060 

19.  07 

1.14 

0.  57 

Mar.  15, 12.42  p.  m 

Mar.  17,  1.15  a.  m.  (W.). 

331 

0. 060 

20. 23 

1.21 

0.  60 

Mar.  15, 12.44  p.  m 

Mar.  17, 1.15  a.  ni.  (W.). 

332 

0. 060 

21.68 

1.30 

0.65 

Mar.  15, 12.45  p.  m 

Mar.  15,  1 p.  m. 

205b 

0.080 

12. 85 

1.02 

0.54 

Jan.  16, 11.7  p.  m 

206b 

0. 080 

13.62 

1.09 

0.  54 

Jan.  16, 11.14  p.  m 

Jan.  17, 11.30  a.  m.  (W.). 

209b 

0. 080 

15.62 

1.25 

0.62 

Jan.  16,  1 1 .11  p.  m 

217b 

0.080 

13.09 

1.05 

0.52 

Jan.  16, 11.24  p.  m 

219b 

0.080 

12.  09 

0.  96 

0.  48 

Jan.  16, 11.27  p.  m... 

222b 

0. 080 

12.  89 

1.03 

0.  51 

Jan.  16, 11.29  p.  m . . 

307 

0.080 

14.  85 

1.19 

0.  59 

Jan.  20,  6.13  p.  m ' 

Jan.  22,  4 a.  m.  (F.). 

310 

0. 080 

16.14 

1.28 

0.  64 

Jan.  20,  6.20  p.  m 

313 

0. 080 

15.  50 

1.24 

0.  62 

Jan.  20,  6.31  p.  m 

333 

0. 080 

12.  96 

1.03 

0.  51 

Mar.  15,  12.54  p.  m 

Mar.  15, 1.12  p.  m. 

334 

0.  080 

21.85 

1.74 

0. 87 

Mar.  15,  12.57  p.  m 

Mar.  20,  8 a.  m.  (W.)  . 

335 

0.  080 

18.11 

1.44 

0.  72 

Mar.  15, 12.59  p.  m 

Mar.  19,  9.30  a.  m.  (W.). 

336 

0.  080 

13.  68 

1.09 

0.  54 

Mar.  15,  1.10  p.  m 

Mar.  19,  9.30  a.  m.  (W.). 

337 

0.080 

11.81 

0.  94 

0.  47 

Mar.  15, 1.6  p.  m 

Mar.  15,  1.1  p.  m. 

338 

0.100 

14.  45 

1.44 

0.  72 

Mar.  15, 1.8  p.  m 

Mar.  17,  9 a.  m.  (F.). 

339 

0.100 

13. 16 

1.31 

0.  65 

Mar.  15, 1.10  p.  m 

340 

0. 100 

18.  56 

1.85 

0.92 

Mar.  15, 1.13  p.  m 

Mar.  15,  3.30  p.  m.  (F.). 

341 

0.100 

12.  02 

1.20 

0.  60 

Mar.  15, 1.14  p.  m 

Mar.  15, 1.30  p.  m.  (F.). 

342 

0. 100 

13.01 

1.30 

0.  65 

Mar.  15, 1.17  p.  m 

Mar.  16,  6 a.  m.  (W.). 

W . Time  noted  by  watchman. 
F.  Found  dead  at  time  noted. 


PROTOCOLS  TO  EXPERIMENTS  OP  TABLE  XIII. 

It  is  important  in  making  comparative  studies  that  the  experimental  animal  be 
healthy  and  free  from  the  effects  of  previous  injections  and  that  the  drugs  employed 
show  no  signs  of  deterioration.  Since  some  of  the  animals  in  Table  XIII  were 
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injected  more  than  once  and  some  of  the  solutions  were  not  used  immediately,  the 
following  data  is  inserted  to  show  this : 

Mice  Nos.  67  to  70,  inclusive,  5 mg.  arterenol  hydrochloride  crystals  dissolved  in 
5 c.  c.  Ringer  solution  between  9 and  11  a.  m.  December  4,  1908. 

Nos.  67,  68,  69,  and  70  were  previously  injected  November  30  with  0.22,  0.28,  0.42, 
and  0.61  mg.,  respectively,  of  homorenon  hydrochloride. 

Mice  Nos.  107  to  111,  inclusive,  6 mg.  arterenol  hydrochloride  dissolved  in  5 c.  c. 
Ringer  solution  9 a.  m.  December  9. 

Nos.  117  to  121,  inclusive,  6 mg.  arterenol  hydrochloride  dissolved  in  5 c.  c.  Ringer 
solution  11.30  a.  m.  December  9. 

Nos.  179,  180,  181,  182,  183,  184,  185,  186,  and  187,  6 mg.  arterenol  hydrochloride 
dissolved  in  5 c.  c.  Ringer  January  5 just  before  injecting;  179a,  180a,  181a,  182a,  and 
183a  injected  with  a solution  made  up  3 p.  m.  January  7,  for  blood-pressure  experi- 
ment on  January  7,  whereas  184a,  185a,  and  186a  were  injected  with  a solution  made 
up  in  the  same  way  12.49,  January  8. 

Nos.  197,  198,  199,  200,  and  202,  6 mg.  arterenol  hydrochloride  dissolved  in  5 
c.  c.  Ringer,  12.49  p.  m.  January  8,  1909;  203,  204,  and  205  similar  solution  made  up 
1.50  p.  m.  January  8;  197b,  200b,  201b,  and  205b  injected  with  a solution  containing 
12  mg.  arterenol  crystals  dissolved  in  5 c.  c.  Ringer,  10.57  p.  m.  January  16. 

Nos.  206,  207,  208,  209,  210,  211,  212,  213,  and  214,  6 mg.  arterenol  hydrochloride 
crystals  dissolved  in  5 c.  c.  Ringer  1.30  p.  m.  January  9,  1909;  206a,  209a,  210a,  212a, 
and  213a,  6 mg.  crystals  per  5 c.  c.  dissolved  3.53  p.  m.  January  12. 

Nos.  206b,  209b,  210b,  212b,  and  213b,  12  mg.  arterenol  HCl  dissolved  in  5 c.  c. 
Ringer  10.57  p.  m.  January  16. 

Nos.  217b,  219b,  and  222b,  12  mg.  arterenol  hydrochloride  crystals  dissolved  in  5 c.  c. 
Ringer  10.57  p.  m.  January  16. 

Nos.  233,  234,  235,  236,  237,  238,  239,  240,  and  241,  respectively,  injected  January  5 
with  0.17,  0.30,  0.33,  0.24,  0.30,  0.32,  0.20,  0.23,  and  0.32  mg.  of  arterenol  hydro- 
chloride and  with  the  same  drug  again  on  January  8 with  0.32,  0.59,  0.66,  0.45,  0.59, 
0.56,  0.38,  0.41,  and  0.59  mg.,  respectively. 

TOXICITY  OF  HOMORENON  HYDROCHLORIDE. 

It  has  been  shown  that  it  requires  eighty  times  as  much  homorenon 
to  produce  the  same  rise  of  blood  pressure  in  the  dog  as  is  caused 
by  the  same  amount  of  natural  1-adrenalin.  If  the  relative  toxicity 
of  this  compound  as  compared  wdth  1-adrenalin  were  in  direct  pro- 
portion to  the  relative  vaso-constrictor  action,  then  the  lethal  dose 
of  homorenon  ought  to  be  0.640  mg.  per  gram  mouse,  and  as  a matter 
of  fact  the  lethal  dose  is  somewhere  between  0.568  and  0.711  mg. 
per  gram  mouse.  It  is  true  that  a smaller  dose  than  this  some- 
times kills  and  very  rarely  a mouse  may  survive  as  large  a dose 
as  0.994  mg.  per  gram.  But  anything  above  0.568  mg.  so  often 
kills  that  one  is  safe  in  saying  that  the  lethal  dose  is  slightly  more 
than  0.568  and  a little  less  than  0.711  mg.  per  gram  body  weight. 
According  to  Table  XIV,  then,  the  natural  1-adrenalin  is  from  eighty 
to  eighty-eight  times  as  toxic  as  ethyl-amino-aceto-catechol,  com- 
mercially known  as  homorenon. 


Table  XIV. — Toxicity  of  homorenon  hydrochloride. 


Number  of 

Mg.  base 

Body 

Injected. 

Died. 

1 

mouse.o 

per  gm.5 

weight. 

Total. 

Time. 

59 

0. 237 

Grams. 
13.  71 

3.  25 

C.  c. 
0.  32 

Dec.  4,  9.7  a.  m 

1 

7S.. 

0.237 

17. 92 

4.24 

0.  21 

Dec.  7,  11.24  a.  m 

i 

3S - 

0. 255 

21.42 

5.46 

0.25 

Dec.  2,  8.49  a.  m 

57 

0.  255 

18.83 

8.40 

0.48 

Dec.  3,  9.18  a.  m 

1 

89 

0.260 

12.50 

3.25 

0. 16 

Dec.  7,  2.20  p.  m 

93 

0.284 

20.  34 

5.  77 

0.  28 

Dec.  7,  3.44  p.  m 

296 

0.  284 

13.  31 

3.  78 

0.  07 

Jan.  20,  439  p.  m 

299 

0.  284 

21. 15 

6.00 

0.12 

Jan.  20  , 4.46  p.  m 

Jan.  23,  8 a.  m.  (W.). 

302 

0.  284 

15.  32 

4 30 

0.  08 

Jan.  20,  4.53  p.  m 

60 

0.296 

20.89 

6. 18 

0.62 

Dec.  4,  9.10  a.  m 

90 

0.  347 

18.28 

6.  35 

0.31 

Dec.  7,  2.24  p.  m 

61 

0.  356 

14.  70 

5.  23 

0.52 

Dec.  4,  9.14  a.  m 

79 

0.  356 

22.  32 

7.94 

0.  39 

Dec.  7,  11.26  a.  m 

■ Dec.  10  (F.). 

94 

0.  426 

19.  32 

a 23 

0.41 

Dec.  7,  3.46  p.  m 

199 

0.  426 

21.91 

9.  33 

0.46 

Dec.  10,  2.11  p.  m 

127 

0.  426 

16.  97 

7.23 

0.  36 

Dec.  10,  2.24  p.  m 

132 

0.  426 

17.  24 

7.  35 

0.36 

Dec.  10,  2.40  p.  m 

137 

0.  426 

12.33 

5.  50 

0.  27 

Dec.  10,  2.55  p.  m 

297 

0.  426 

21.94 

9.34  ' 

0.18 

Jan.  20,  4.41  p.  m 

Jan.  22,  4p.  m.  (F.). 

300 

0.  426 

la  90 

a 00 

0. 16 

Jan.  20,  4.48  p.  m 

303 

0.  426 

18.52 

7.80 

0. 15 

Jan.  20,  4.55  p.  m 

260 

0.  427 

14.  30 

6. 15 

0.12 

' Jan.  16,  3.50  p.  m 

263 

0.  427 

17.  30 

7.38 

0.  14 

Jan.  16,  3.58  p.  m 

266 

0.  427 

22.  78 

9.73 

0.19 

Jan.  16,  4.5  p.  m 

269 

0.  427 

IS.  57 

7.93 

0.16 

Jan.  16,  9.49  p.  m .... 

Jan.  16,  10.14  p.  m. 

979 

0.  427 

19. 13 

a 17  j 

0.16 

Jan.  16,  10  p.  m 

Jan.  16,  11.30  p.  m. 

275 

0.  427 

16.  94 

7.23 

0. 14 

Jan.  16, 10.6  p.  m 

287 

0.427 

15.  05 

6.40 

0.13 

Jan.  20,  3. 8 p.  m 

Jan.  20,  3.39  p.  m. 

290 

0.  427 

15.63 

6.70 

0.13 

Jan.  20,  3.23  p.  m 

Jan.  24,  3.36  p.  m. 

293 

0.  427 

16.36 

6.98 

0.14 

Jan.  20,  3.29  p.  m 

278 

0.430 

14.  92 

6.40 

0.13 

Jan.  16,  11.46  p.  m 

279 

0.430 

19.  02 

a 17 

0.16 

Jan.  16,  11.49  p.  m 

Jan.  16,  11.58  p.  m. 

280 

0.430 

16.79 

7.18 

0.14 

Jan.  16,  11.50  p.  m 

281 

0.430 

15.  04 

6.  45 

0.13 

i Jan.  16,  11.52  p.  m 

282 

0.430 

ia52 

7.  95 

0.16 

: Jan.  16, 11.  54  p m 

Jan.  17,  11.30  a.  m.  (W.). 

283 

0.430 

15.  02 

6.45 

0.13 

* Jan.  16,  11.56  p.  m 

284 

0.430 

! 13.43 

5.  76 

0.11 

Jan.  16,  11.58  p.  m 

285 

0.  430 

15.83 

6.79 

0.13 

^ Jan.  16,  12.1  p.  m 

Jan.  17,  4p.  m.  (W.). 

91 

0.  434 

1 15. 10 

6.  55 

0.32 

Dec.  7,  2.26  p.  m 

80 

0.  474 

' 19. 30 

9.14 

0.45 

j Dec.  7,  11.29  a.  m 

97 

0.474 

14.  20 

6.73 

0.33 

j Dec.  8,  9.42  a.  m 

39 

0.  518 

! 17. 16 

8.89 

0.40 

Dec.  2,  9.7  a.  m 

95 

0.  568 

14  22 

a 07 

0.40 

Dec.  7,  3.50  p.  m 

123 

0.568 

21.  71 

12.32 

0.61 

Dec.  10,  2.14  p.  m 

128 

0.568 

13.  46 

7.66 

1 0.38 

Dec.  10,  2.27  p.  m 

133 

0.  568 

13.  74 

7.  81 

0.39 

! Dec.  10,  2.42  p.  m 

138 

0.568 

12.  36 

7.  02 

0.35 

; Dec.  10,  2.58  p.  m 

251 

0.568 

1 20.88 

11.86 

1 0.23 

' Jan.  16,  3.15  p.  m 

1 

a Mice  not  marked  “ W ” or  “ F ” were  observed  by  the  author  to  die  at  the  time  noted. 
& This  column  approximate  dose  only;  actual  dose  in  “ total  mg.  and  c.  c.  columns.” 

W.  Time  noted  by  watchman. 

F.  Found  dead  at  time  noted. 
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Table  XIV. — Toxicity  of  homorenon  hydrochloride — Continued, 


Number  of 

Mg.  base 

Body 

Injected. 

Died. 

mouse. 

per  gm. 

weight. 

Total. 

Time. 

254 

0.  568 

Grams. 
18.  20 

Mg. 
10.  37 

C.  c. 

0.  30 

Jan.  16,  3.36  p.  m 

Jan.  16,  3.55  p..  m. 

257 

0.  568 

20.  66 

11.  74 

0.  23 

Jan.  16,  3.40  p.  m 

Jan.  16,  3.47  p.  m. 

261 

0.  568 

20.  06 

11.  40 

0.  22 

Jan.  16,  3.51  p.  m 

264 

0.  568 

21.  64 

12.  27 

0.  24 

Jan.  16,  3.59  p.  m 

Jan.  16,  4.15  p.  m. 

267 

0.  568 

19.  76 

11.  22 

0.  22 

Jan.  16,  4.8  p.  m 

270 

0.  568 

19.  60 

11. 13 

0.  22 

■Tan  16,  9 .56  p m 

273 

0.  568 

17.  84 

10.  47 

0.21 

Jan.  16,  10.12  p.  m 

276 

0.  568 

19.  22 

10.  91 

0.  22 

Jan.  16,  10.8  p.  m 

Jan.  16,  10.21  p.  m. 

291 

0.  568 

17.  83 

10.1 

0.  20 

Jan.  20,  3.25  p.  m 

Jan.  20,  3.49  p.  m. 

294 

0.  568 

18.  35 

10.  4 

0.  21 

Jan.  20,  3.31  p.  m 

Jan.  20,  3.57  p.  m. 

298 

0.  568 

19.  08 

10.  78 

0.  21 

Jan.  20,  4.44  p.  m 

Jan.  20,  5 p.  m. 

301..... 

0.  568 

14.20 

8.00 

0.  16 

Jan.  20,  4.49  p.  m 

Jan.  20,  5.20  p.  m. 

304 

0.  568 

17.  13 

9.7 

0. 19 

Jan.  20,  4.57  p.  m 

288 

0.  583 

14.73 

8.6 

0. 17 

Jan.  20,  3.12  p.  m 

Jan.  20,  3.57  p.  m. 

81 

0.  593 

17.  62 

10.  44 

0.  52 

Dec.  7,  11.32  a.  m 

Dec.  7,  12.5  p.  m. 

98 

0.  593 

14. 12 

8.37 

0.  41 

Dec.  8,  9.45  a.  m 

99  

0.  711 

17.  05 

12. 12 

0.  60 

Dec.  8,  9.47  a.  m 

124  

0.  710 

17.  07 

12. 11 

0.  60 

Dp.c.  10,  2 17  p.  m 

129 

0.  710 

12.  97 

9.21 

0.  46 

Dec.  10,  2.31  p.  m. . .. 

134 

0.  710 

20.  10 

14.  27 

0.  70 

Dec.  10,  2.45  p.  m. . 

139  

0.  710 

18. 11 

12.  86 

0.  64 

DfiC.  10,  3 p.  TTl 

215 

0.  711 

19.  05 

13.  53 

0.  27 

Jan.  16,  3.17  p.  m 

Jan.  16,  3.52  p.  m.  (F.). 

255 

0.  711 

23.  65 

16.  79 

0.  33 

Jan.  16,  3.38  p.  m 

Jan.  16,  4.10  p.  m.  (F.). 

258  

0.  711 

19.  09 

13.  56 

0.  27 

Jan  16,  3 44  p.  m 

262  

0.  711 

19.  80 

14.  05 

0.  28 

.Tan  16,  3 54  T)  m 

265 

0.711 

25.  00 

17.75 

0.  35 

Jan.  16,  4.3  p.  m 

Jan.  16,  4.7  p.  m. 

268 

0.  711 

22.  58 

16.  03 

0.  32 

Jan.  16,  4.10  p.  m 

Jan.  16,  4.20  p.  m. 

271 

1 0. 711 

19.  47 

13.  84 

0.  27 

Jan.  16,  9 58  p.  m .. 

Jan.  16,  11.30  p.  m. 
Jan.  16,  10.16  p.  m. 

274 

0.711 

15.59 

11.08 

0.  22 

Jan.  16,  10.4  p.  m 

277 

0.  711 

19.  80 

14.  07 

0.  28 

Jan.  16,  10.10  p.  m 

Jan.  16,  10.21  p.  m. 

289  

0.  711 

15.  13 

10.  7 

0.  21 

Jan  20,  3.21  p.  m 

292 

0.711 

18.  56 

13.  20 

0.  26 

Jan.  20,  3.26  p.  m 

Jan.  20,  3.47  p.  m. 

295 

0.  711 

16.  86 

12.  00 

0.  24 

Jan.  20,  3.35  p.  m 

Jan.  20,  3.51  p.  m. 

40 

0.  777 

19.  47 

15.  13 

0.  69 

Dec.  2,  9.5  a.  m 

Dec.  2,  10.25  a.  m. 

100 

0.  830 

13.26 

11.  01 

0.  55 

Dec  8,  9.50  a.  m 

125  

0.  852 

16.  37 

13.  95 

0.  69 

Dec.  10,  2.19  p.  m 

130  

0.  852 

18.  28 

15.  57 

0.  78 

Dec  10,  2.33  p.  m 

135 

0.  852 

19.  37 
17.  55 

16.  50 

0.  81 

Dec.  10,  2 48  p.  m 

140 

0.  852 

14.  95 

0.  74 

Dec.  10,  3.3  p.  m 

Dec.  10,  3.35  p.  m. 

170  

0.  853 

12.  89 

10.  99 

0.  20 

Jan.  5,  3 p.  m 

173 

0.  853 

12.  57 

12.  38 

0.  24 

Jan.  5,  3.5  p.  m 

Jan.  5,  3.29  p.  m. 

176 

0.  853  1 

14.37 

12.  26 

0.  24 

Jan.  5,  3.14  p.  m 

Jan.  5,  3.31  p.  m. 

245 

0.  853 

20.  05 

17.  04 

0.  34 

Jan.  16,  1.25  p.  m 

Jan.  16,  1.45  p.  m. 

248 

0.853 

22.  60 

19.  21 

0.  38 

Jan.  16,  1.34  p.  m 

Jan.  16,  1.57  p.  m. 

253 

0.  853 

18.  05 

15.  34 

0.  30 

Jan.  16,  3.19  p.  m 

Jan.  16,  4 p.  m. 

256 

0.  853 

19.  17 

16.29 

0.  32 

Jan.  16,  3.39  p.  m 

Jan.  16,  4.12  p.  m. 

259 

0.  853 

14.  71 

12.  50 

0.  25 

Jan.  16,  3.46  p.  m 

Jan.  16,  4 p.  m. 

101 

0.  949 

14.  14 

13.42 

0.  53 

Dec.  8,  9.53  a.  m 

Dec.  8,  11  a.  m. 

126 

0.  994 

12. 15 

12.  08 

0.  60 

Dec.  10,  2.22  p.  m 

131 

0.  994 

15.  73 

15.  64 

0.  78 

Dec.  10,  2.36  p.  m 

Dec.  10,  3.35  p.  m. 

136 

0.  994 

14. 11 

14.02  ! 

0.  70  1 

Dec.  10,  2.50  p.  m 

Dec.  10,  3.15  p.  m. 

r.  Found  dead  at  time  noted. 
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Table  XIV. — Toxicity  of  homorenon  hydrochloride — Continued. 


Number  of 

M?.  base 

Body 

Injected. 

Died. 

mouse. 

pergm. 

weight. 

Total. 

Time. 

141 

0. 994 

Grams. 

19.43 

Mg. 
19.  31 

C.  c. 
0.  96 

Dec.  10,  3.6  p.  m 

Dec.  10,  3.30  p.  m. 

171 

0. 994 

14.50 

14.  41 

0.28 

Jan.  5,  3.2  p.  m 

Jan.  5,  3.20  p.  m. 

174 

0.994 

13.  20 

13. 12 

0.  26 

Jan,  5,  3.9  p.  m 

Jan.  5,  3.31  p.  m. 

177 

0.944 

13.  76 

13.  68 

0.  28 

Jan.  5,  3.15  p.  m 

Jan.  5,  3.38  p.  m. 

243 

0.994 

20.  64 

20.  52 

0.  41 

Jan.  16,  1.21  p.  m 

Jan.  16,  1.28  p.  m. 

246 

0.  994 

22.59 

22.33 

0.44 

Jan.  16,  1.27  p.  m 

Jan.  16,  1.39  p.  m. 

249 

0.994 

18.31 

18.12 

0.  36 

Jan.  16,  1.36  p.  m 

Jan.  16,  1..55  p.  m. 

41 

1.038  1 

19.  47 

20.  21 

0.  92 

Dec.  2,  9 a.  m 

Dec.  2,  9.53  a.  m. 

172 

1. 137  j 

20.  93 

I 23.80 

0.  48 

Jan.  5,  3.4  p.  m 

Jan.  5,  3.15  p.  m. 

175 

1. 137  i 

17.  00 

19.53 

0.  38 

Jan.  5,  3.10  p.  m 

Jan.  5,  3.29  p.  m. 

178 

1. 137  1 

13.  42 

14.78 

0.  30 

Jan.  5,  3.20  p.  m 

Jan.  5,  3.47  p.  m. 

244 

1. 137 : 

15.22  ! 

17.  20 

0.34 

Jan.  16,  1.22  p.  m 

Jan.  16,  2 p.  m. 

247 

1. 137  : 

17.  78 

20. 11 

0.  40 

Jan.  16,  1.29  p.  m 

Jan.  16,  1.39  p.  m. 

250 

1. 137 

22.  37 

1 

25.31 

0.50 

Jan.  16,  1.37  p.  m 

Jan.  16,  1.50  p.  m. 

PROTOCOLS  TO  EXPERIMENTS  OF  TABLE  XIV. 

The  solutions  of  homorenon  hydrochloride  used  in  the  different  toxicity  experiments 
were  made  up  as  follows: 

Nos.  37  to  41,  inclusive,  66  mg.  homorenon  hydrochloride  crystals  dissolved  in  3 c.  c. 
of  Ringer  solution  about  8.30  a.  m.  December  2. 

Nos.  47  to  51,  inclusive,  20  mg.  of  crystals  dissolved  in  2 c.  c.  of  Ringer  solution  about 
9 a.  m.  December  3. 

Nos.  57  to  61,  inclusive,  25  mg.  crystals  dissolved  in  2.5  c.  c.  of  Ringer  solution  11  a.  m. 
December  7. 

Nos.  87,  88,  89,  90,  and  91  injected  December  4 with  0.89,  1.90,  3.25,  6.18,  and  5.23 
mg.,  respectively,  of  homorenon,  and  92,  93,  94,  95,  and  96  were  each,  respectively, 
injected  on  December  2 with  0.038  mg.  of  adrenalin,  0.125,  0.225,  0.518,  and  1.45  mg. 
homorenon. 

Nos.  97  to  101,  inclusive,  20  mg.  crystals  dissolved  in  1 c.  c.  of  Ringer  solution. 

Nos.  122  to  141,  inclusive,  20  mg.  per  1 c.  c.  of  Ringer  solution  made  up  2 p.  m. 
December  10. 

Nos.  122,  123,  124,  125,  and  126  had  been  injected  with  0.021,  0.042,  0.069,  0.081, 
and  0.082  mg.,  respectively,  of  adrenalin  base  December  4,  and  again  on  December  7 
with  0.040,  0.080,  0.103,  0.128,  and  0.130  mg.,  respectively,  of  the  same  drug. 

Nos.  127,  128,  129,  130,  and  131  were  injected  December  4 with  0.890,  1.90,  3.25, 
6.18,  and  5.23  mg;,  respectively,  of  homorenon,  and  again  on  December  7 with  1.33, 
2.25,  3.25,  6.35,  and  6.55  mg.,  respectively,  of  the  same  drug. 

No.  132  was  injected  December  2 with  0.038  mg.  of  adrenalin  base  and  on  December 
7 with  2.48  mg.  homorenon.  No.  133  on  December  4 and  7,  respectively,  with  0.890  and 
2.48  mg.  of  homorenon,  while  Nos.  134, 135,  and  136  were  each  injected  on  December  2 
with  0.125,  0.225,  and  0.518  mg.,  respectively,  of  homorenon,  and  again  on  December 
7 with  5.77,  8.23,  and  8.07  mg.,  respectively,  of  the  same  drug. 

Finally  mice  Nos.  139, 140,  and  141,  respectively,  had  been  injected  on  December  3 
with  0.554,  0.876,  and  2.688  mg.,  and  again  on  the  7th  of  December  with  2.08,  4.24,  and 
9.14  mg.  of  homorenon. 

Nos.  170  to  178,  inclusive,  250  mg.  of  homorenon  hydrochloride  crystals  dissolved  in 
5 c.  c.  of  Ringer,  about  2.45  p.  m.  January  5, 1909. 
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Xos.  242  to  250,  inclusive,  and  267  and  268,  250  mg.  of  crystals  dissolved  in  5 c.  c. 
Ringer  solution  about  1p.m.  January  16. 

Xos.  251  to  266  and  269  to  286,  inclusive,  250  mg.  of  cr^’stals  dissolved  in  5 c.  c. 
Ringer  solution  3 p.  m.  January  16  for  each  set  of  nine. 

Xos.  287  to  304,  inclusive,  250  mg.  of  crystals  dissolved  in  5 c.  c.  Ringer  solution  2.30 
p.  m.  January  20,  1909. 

measuee:mext  of  mydriasis  ix  the  frog's  excised  bulbus.^^ 

As  is  well  known  the  dilator  mechanism  of  the  frog's  eve  is  c^uite 
sensitive  to  adrenalin  and  not  a little  emphasis  has  been  laid  upon 
the  delicacy  with  which  it  reacts  to  minute  traces  of  this  and  certain 
other  derivatives  of  the  catechol  group.  Because  of  this  mydriatic 
action,  the  apparent  simplicity  of  the  technique  involved,  and  the 
availability  of  experimental  animals,  the  enucleated  eye  of  the  frog 
seems  to  furnish  a suitable  method  for  standardizing  adrenalin 
solutions. 

Meltzer  was  the  first  to  call  attention  to  this  method  and  nearly  a 
year  later  Ehrmann,  acting  upon  Meltzer’s  suggestion,  published 
some  very  interesting  experiments  with  the  excised  frog’s  eye.  In 
Ehrmann's  suggestive  paper  it  is  not  only  sho4vn  that  adrenalin  solu- 
tions of  different  concentration  call  forth  varying  degrees  of  mydriasis, 
but  it  leads  one  to  suppose  that  the  enucleated  frog's  eye  is  sensitive 
to  such  minute  quantities  of  adrenalin  as  may  occur  in  the  blood  drawn 
from  the  vena  cava.  Taking  advantage  of  the  sensitiveness  of  the 
frog's  eye  he  also  uses  this  method  as  a means  for  demonstrating  the 
activity  of  adrenalin  still  in  the  blood  of  injected  animals  bled  imme- 
diately after  the  fall  of  blood  pressure  that  invariably  follows  the  initial 
effect  of  this  drug.  ^ Just  how  reliable  these  conclusions  are  remains 
to  be  decided  by  future  experiments.  Cameron,  in  his  paper  on  methods 
of  standardizing  suprarenal  preparations,  states  that  the  method  is  not 
only  tedious  but  very  unreliable,  since  frogs  vary  in  their  response  to 
adrenalin. 

Various  factors  do  inffuence  the  reaction  of  the  iris  to  adrenalin. 
Perhaps  the  most  important  ones  are:  (1)  Conditions  that  interfere 
with  the  frog's  normal  metabolism  and  nutrition,  (2)  the  varying 
intensity  of  light  to  which  the  eye  is  exposed,  (3)  the  temperature 
of  the  medium  surrounding  the  enucleated  bulbus,  (4)  injuries  to 
the  coats  of  the  bulbus  that  may  result  in  lowering  the  intra-ocular 
tension  and  alter  the  rate  of  diffusion,  and,  finally,  (5)  mechanical 

a The  section  on  the  pupil  was  completed  Xovember  15,  1908,  but  publication  was 
delayed  so  that  the  comparative  study  herein  contained  might  be  made. 

& Dryer  as  early  as  1897-1899  showed  that  adrenalin  is  secreted  into  the  circulation 
after  stimulation  of  the  splanchnic  nerve.  This  excellent  piece  of  work  has  not 
received  the  attention  of  German  writers  that  it  should,  especially  since  Dryer  is  one 
of  the  first  to  prove  conclusively  that  stimulation  of  the  splanchnic  causes  an  in- 
creased secretion  by  the  adrenal  glands. 
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stimuli.  One  of  the  main  problems  of  this  method  is  to  devise  a 
technique  that  minimizes  the  chief  sources  of  error. 

As  is  well  known,  the  frog’s  pupil  is  an  elliptical-like  opening  the 
long  axis  of  which  is  almost  parallel  to  the  long  axis  of  the  body. 
On  the  lower  margin  of  the  pupil,  almost  in  line  with  the  short  axis 
of  the  ellipse,  there  is  a small  notch,  whereas  the  upper  margin, 
though  usually  continuous,  is  sometimes  indented  by  a less  con- 
spicuous notch.  In  measuring  the  eye,  especially  when  widely 
dilated,  these  notches  furnish  convenient  points  of  reference  in  locat- 
ing the  short  axis.  The  long  axis  in  the  undilated  eye  is  of  course 
easily  located  by  reason  of  the  shape  of  the  anterior  and  posterior 
margins  of  the  pupil. 

In  orienting  the  bulbus  previous  to  measuring  the  size  of  the  pupil 
it  is  necessary  to  have  a suitable  container.  Glass  vessels  of  about 
3 c.  c.  capacity  were  used,  made  from  hard  bacteriological  test  tubes 
17  mm.  in  diameter,  the  edges  being  ground  smooth  so  that  it  might 
be  sealed  with  a cover  slip  to  avoid  evaporation. 


Fig.  1.— Water  bath,  a,  Glass  container,  described  in  text;  b,  water  bath  through  which  a steady- 
stream  of  water  from  the  temperature  regulator  is  kept  flowing. 


Except  in  a few  experiments  described  later,  special  care  was 
taken  to  avoid  the  changes  in  temperature  and  light  values  that 
occur  in  a laboratory  lighted  by  direct  or  diffuse  sunlight.  To  this 
end  a dark  room  was  fitted  up  with  a 16-candlepower  incandescent 
light  so  arranged  that  the  excised  bulbi  could  be  lighted  from  a given 
distance,  thus  making  it  possible  to  maintain  a light  of  constant 
intensity.  Of  course  at  a distance  of  10  inches  such  a light  generates 
enough  heat  to  warm  2 c.  c.  of  solution  to  30°  or  more,  depending 
upon  the  room  temperature.  In  order  to  avoid  not  only  such  high 
temperatures,  but  more  especially  fluctuations  in  the  same,  the 
water  bath,  indicated  in  figure  1,  was  devised.  It  is  constructed  in 
such  a way  that  the  glass  container  rests  in  a current  of  water,  the 
temperature  of  which  is  so  regulated  that  the  temperature  of  the  solu- 
tion in  the  container  can  also  be  kept  constant. 

Preliminary  experiments  demonstrated  that  a mere  naked  eye 
observation  of  the  changes  in  size  of  the  pupil  is  of  little  value,  and 
so  an  instrument  of  precision  was  sought  that  would  enable  the 
177— Bull.  55—09 4 
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observer  to  express  in  millimeters  the  exact  length  of  the  long  and 
short  axes  of  the  pupil.  The  device  which  proved  to  be  most  satis- 
factory was  made  for  me  by  Messrs.  Gaertner  & Co.,  of  Chicago.  Their 
‘^simple  comparator”  was  modified  by  the  author  to  meet  the  needs 


Fig.  2. — Pupilometer.  2a,  Reading  microscope  with,  cross  wires;  26,  microme- 
ter slide  (see  fig.  3);  2c,  adjustable  substage  (see  fig.  4);  2d,  support; 

2e,  water  bath  (see  fig.  1).  Temperature  regulators  and  light  omitted  for 
sake  of  clearness. 

of  the  present  series  of  experiments.  (See  fig.  2.)  The  essential  parts 
of  the  apparatus  are,  (1)  a reading  microscope  with  cross  wires  in  the 
eyepiece  (fig.  2a),  (2)  a micrometer  slide  (fig.  2b  and  fig.  3),  (3)  an 
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adjustable  stage  (fig.  2c  and  fig.  4),  and,  finally,  (4)  a support  (fig.  2d). 
The  cross  wire  in  the  eyepiece  furnishes  a point  of  reference,  and  in 
making  a reading  the  eye  is  first  oriented  so  as  to  bring  its  optical 


Fig.  3. — Micrometer  slide.  Micrometer  screw  has  a diameter  of  10  mm.,  pitch  of  0.5  mm.  The  microm- 
eter head  has  a diameter  of  50  mm.  and  is  divided  into  100  parts,  each  division  reading  to  0.005  mm. 


axis  parallel  with  the  axis  of  the  microscope.  Then  by  means  of  a 
coarse  adjustment  the  desired  edge  of  the  pupil  is  brought  into  line 


with  the  cross  wire  and  the  long  axis  of  the  pupil  measured;  the 
object  stage  is  rotated  to  90°  and  the  short  axis  measured.  In  this 
way  a given  eye  can  be  measured  many  times  without  disturbing  it 
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by  jars  or  other  forms  of  mechanical  stimulation  except  when  it  is 
necessary  to  change  the  solution  in  the  container. 

Since  the  unit  that  most  concerns  us  in  this  paper  is  the  time 
rec£uired  by  the  pupil  to  dilate  to  a maximum  it  becomes  necessary 
to  explain  a few  points  in  this  connection.  (1)  In  some  eyes  the 
long  axis  is  the  first  t'o  reach  a maximum  length;  at  other  times  it 
is  the  short  axis.  (2)  The  axis  first  to  reach  a maximum  length 
usually  shortens  while  the  other  axis  is  in  the  process  of  elongating. 
It  is  only  occasionally  that  both  axes  reach  their  maximum  length 
simultaneously,  or  that  the  one  waits  upon  the  other.  Hence  it  often 
becomes  difficult  to  determine  the  exact  moment  at  which  the  eye 
is  most  ^videly  dilated  unless  the  absolute  area  of  the  pupil  be  calcu- 
lated. This  is  too  tedious  a process,  so  as  a rule  one  of  the  following 
methods  is  used:  (1)  The  mean  of  the  time  required  for  the  two  axes 
to  reach  their  greatest  length;  (2)  the  moment  of  maximum  dilation 
determined  by  the  first  axis  reaching  its  greatest  length  or  turning 
point.  Unless  otherwise  stated,  the  last  method,  though  less  accu- 
rate, is  the  one  used  throughout  the  paper. 

I always  endeavored  to  choose  frogs  of  the  same  variety,  that 
weighed  not  less  than  17  grams  nor  more  than  30.  The  head  was 
cut  off  just  back  of  the  eyes  and  the  bulbi  removed  from  their  sockets 
at  once.  In  removing  the  eyeball  undue  pressure  was  avoided  and 
care  taken  not  to  cut  the  sclerotic  coat.  The  bulbi  were  immedi- 
ately dropped  into  a container  of  Kinger  solution,  observed  and 
measured.  When  necessary  to  change  the  solution,  it  was  carefully 
pipetted  off  and  a fresh  solution  of  nearly  the  same  temperature 
substituted. 

In  spite  of  all  precautions  certain  eyes  will  dilate  and  remain 
dilated  in  the  Ringer  solution  for  an  unusual  length  of  time.  When 
this  occurs  they  should  be  rejected.  Furthermore,  eyes  from  frogs 
of  low  vitality  seem  to  be  more  susceptible  to  adrenalin  than  those 
of  healthy,  vigorous  animals.  This  source  of  variation  is  the  most 
difficult  to  overcome,  and  perhaps  accounts  for  many  of  the  varia- 
tions that  occur  in  experiments  of  this  nature. 
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Table  XV, — Mydriatic  action  of  adrenalin  upon  the  frog^s  eye  when  exposed  to  bright 

sunlight. 

Experiment  17,  July  22, 1908.  Rana  pipiens.  Weight  about  17  grams.  Killed  10.13  a.  m.,  enucleated 
10.18.  The  solutions  made  from  P.,  D.  and  Co.’s  1: 1,000  adrealin  solution.  The  temperature  varied  from 
29.8°  to  32.5°  C.,  and  the  hrightnessof  the  light  varied  from  the  bright  noonday  sunlight  to  that  which  obtains 
at  4.30  p.  m.  of  a clear  July  day.  ( — ) always  indicates  decrease  in  size,  i.  e.,  constriction  of  the  pupil. 


Ringer. 

A. 

Adrenalin  solution 
+ Ringer 
1:5,000,000 

B. 

Adrenalin  solution 
+ Ringer 
1:2,500,000 

c- 

Adrenalin  solution 
+ Ringer 
1:625,000 

D. 

Ringer. 

E. 

Long 

Short 

Time. 

Long 

Short 

Time. 

Long 

Short 

Time. 

Long 

Short 

Time. 

Long 

Short 

C. 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

A.m. 

M.m. 

M.m. 

-1.  m. 

M.  m. 

M.m. 

A . m. 

M.  m. 

M.  m. 

A.  m. 

M.m. 

M.  m. 

A.  m. 

M.  m. 

M.  m. 

10.20 

1.4 

2.6 

10.  22 

1.  5 

2.5 

10.  24 

1.5 

2.5 

10. 02 

1.5 

2.8 

10.  30 

1.  5 

2.6 

'29.8 

10.  33 

In  adr. 

10.  33 

In  adr. 

10. 33 

In  adr. 

10. 33 

al.  1 

2.4 

10.  30 

1. 1 

2.4 

10.  40 

1.3 

2.4 

10.  45 

1.4 

2.6 

10. 47 

1.5 

2.8 

30.0 

b-.S 

— . 2- 

- .4 

- .1 

_ . 2 

- .1 

- .1 

— . 2 

.0 

+ .2 

10. 50 

1.1 

2.4 

10.52 

1.4 

2.4 

10.  54 

1.3 

2.0 

10. 50 

1.1 

2.5 

11 

1.1 

2.5 

30.5 

- .3 

- .2 

- .1 

- .1 

- .2 

- .5 

- .4 

- .3 

- .4 

- .1 

11.00 

1.2 

2.3 

11. 02 

1.2 

2.2 

11. 04 

1.2 

2.0 

11 

1.0 

2.4 

11. 20 

1.0 

2. 1 

31.3 

— . 2 

- .3 

- .3 

- .3 

- .3 

— . 5 

- .5 

- .4 

— . 5 

— . 5 

11.40 

1.1 

2.1 

11.42 

1.1 

2.1 

11.  44 

1.  5 

2.1 

11. 04 

1.1 

2.4 

11.  50 

1.1 

2.4 

32.5 

- .3 

— . 5 

- .4 

- .4 

.0 

- .4 

- .4 

- .4 

- .4 

- .2 

P.  m. 

P.  m. 

P.  m. 

P.  m. 

P.  m. 

12.  20 

1.2 

2.2 

12.  32 

1.2 

2.3 

12.24 

1.  5 

2.3 

12. 28 

1.2 

2.4 

12.  30 

1.2 

2.4 

31.8 

- .2 

- .4 

- .3 

- .2 

.0 

_ . 2 

- .3 

- .4 

- .3 

- .4 

12.53 

1.3 

2.3 

12.  55 

1.4 

2.4 

12. 56 

2.0 

2.5 

12.59 

1.1 

2.4 

1.1 

1.1 

2.4 

31.0 

— .1 

- .3 

- .1 

- .1 

+ . 5 

.0 

- .4 

- .4 

- .4 

— .2 

2.04 

. 1.4 

2.7 

2. 06 

1.  5 

2.3 

2.  08 

2.4 

2.6 

2. 12 

1.4 

2.5 

2.14 

1.5 

2.6 

31.0 

.0 

+ .1 

.0 

- .2 

+ .9 

+ .1 

- .1 

- .3 

.0 

.0 

3. 14 

1.6 

2.6 

3. 16 

1.5 

2.8 

3. 18 

2.6 

2.8 

3.  22 

1.6 

2.5 

3.  24 

1.7 

2.  5 

31.5 

+ .2 

.0 

.0 

+ .3 

+1.1 

+ .3 

+ .1 

- .3 

+ .2 

- .1 

4.14 

1.9 

2.6 

4. 16 

1.6 

2.5 

4. 18 

2.7 

2.9 

4.  22 

1.6 

2.6 

4.24 

1.9 

2.6 

30.6 

+ .5 

.0 

+ .1 

.0 

+1.2 

+ .4 

+ .1 

— . 2 

+ .4 

.0 

o First  line  in  each  group  indicates  actual  length  of  axes  in  millimeters. 
^ Second  line  in  each  group  shows  change  in  length  of  axes. 


Other  investigators  in  their  experiments  with  adrenalin  and  the 
excised  bulbus  used  sunlight,  which  as  is  well  known  varies  greatly 
in  intensity.  Since  the  stimulating  action  of  adrenalin  is  supposed 
to  counteract  the  stimulating  action  of  light  it  would  seem  of  the 
greatest  importance  to  use  light  stimuli  of  a constant  value  and  of 
optimum  intensity.  This,  I believe,  I have  accomplished  by  the  use 
of  electric  light  which,  so  far  as  I know,  has  never  been  used  before 
in  experiments  of  this  nature. 

In  the  first  place  the  constricting  effect  of  very  bright  sunlight  is 
usually  greater  than  can  be  overcome  by  the  dilating  effects  of  the 
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adrenalin  present  in  a 1 : 5^000,000  or  even  in  a 1 : 62o;000  solution. 
Therefore;  the  readings  from  the  start  have  a negative  sign,  that  is, 
the  pupil  constricts.  It  is  only  after  remaining  in  the  solution  two 
or  three  hours  that  signs  of  dilation  appear,  and  even  then  there  is 
no  positive  evidence  in  favor  of  the  adrenahn  causing  this  dilation. 

The  readings  in  cohmms  A and  E of  Table  XV  are  from  eyes  in 
Kmger  solution.  The  maximum  constriction  is  — .3  for  the  long  axis 
and  — .5  mm.  for  the  short  axis  of  A;  — .5  by  — .5  mm.  for  E.  Later, 
as  the  light  grows  dimmer  and  the  temperature  lower,  the  same  eyes 
dilate  making  the  chfference  in  their  sizes  a little  after  4 p.m.  from 
that  when  first  measured  for  A -f.o  by  .0  mm.;  and  for  E +.4  by 
.0  mm.,  the  pupils  at  the  end  being  slightly  larger  than  when  first 
measured.  It  is  true  that  C shows  greater  dilation  than  this,  even 
as  much  as  +1.2  by  +.4,  but  D in  a much  stronger  solution  of 
adrenalin  than  C dilates  less.  In  the  light  of  simliar  sets  of  experi- 
ments, I am  inclined  not  to  stress  the  importance  of  adrenalin  in 
bringing  about  the  dilation  in  B,  C,  or  D,  for  if  they  had  been  in 
Kinger  solution  alone  they  would  without  doubt  have  reacted  in 
much  the  same  way.  On  the  whole  I found  sunhght  unsatisfactory. 
TTith  few  exceptions,  eyes  under  its  infiuence  in  weak  solution  con- 
stricted, and  if  there  were  dilation  later,  it  was  only  after  exposure 
to  Ringer  solution  and  at  a temperature  which  my  previous  experi- 
ence with  salt  solutions  has  shown  to  be  positively  injurious  to  all 
muscle  tissue. 

Mechanical  stimuli  are  likewise  an  important  factor  in  bringing 
about  dilation  of  the  pupil.  Due  care  must  be  taken  in  changing  the 
solution  and  in  orienting  the  pupil,  especially  at  such  temperatures 
as  render  smooth  muscle  unusually  irritable. 

Table  XVI. — The  effect  of  mechanical  stimuli  upon  the  pupil  of  the  excised  bulhus, 
J:ept  at  a constant  temperature  and  lighted  by  artificial  light. 


Time. 

Long 

axis. 

Short  : 
axis,  i 

Time. 

Long 

axis. 

Short  j 
axis.  1 

Time. 

Long 

axis. 

j Short  : 
1 axis.  ' 

1 , 

A.  m. 

M.  m. 

JT.  m.  ; 

A.  m. 

Jf.  m. 

M.  m. 

A.  772. 

Jff.  777. 

if.  772. 

10. 12 

2.235 

2.055  1 

11.  51 

1. 975 

0. 945 

1. 12 

1.  670 

1. 170 

10.  25 

2.  220 

1.860  1 

11.58 

1. 670 

1. 165 

1. 15 

1.  710 

1.200 

10.48 

1.835 

1.440  1 

P.  m. 

1. 20 

1.825 

1.400  ! 

11. 18 

1.535 

0.970  j 

12. 2 

1.735 

1.290 

1.26 

1. 950 

1.645  I 

11.29 

1.  515 

0.960  1 

12. 11 

1.695 

1.240 

1.36 

1.935 

1.610  ; 

1 11.46 

1.490 

0.900  * 

12.  37 

1.635 

1.  045 

1.48 

1.850 

1.  405 

' 11. 48 

By  means  of  a | 

12.  48 

1.650 

1.150  ; 

2.8  1 

! 1. 815 

1.  310 

capillary  pipette  the  eye  is  j 

1.2 

1.635 

l.OSO 

2.  27 

1. 800  ; 

1.  370 

gently  pipetted  about  in  its  j 

1.9 

' Ringer  pipetted 

bath  and  then  oriented  as 

off  and  : 

2 c.  c.  of  a 1:3,125,-  j 

usual. 

000  solution  of  adrenalin  | 

added. 
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Table  XYI  illustrates  in  a general  way  the  reaction  of  the  pupil 
to  mechanical  stimuli.  Soon  after  being  placed  in  the  container  the 
eye  dilates  to  a maximum  (10.48);  then  constricts  to  a minimum,  in 
which  condition  it  remains  for  a long  time  if  all  influences  be  kept 
constant.  But  by  gently  pipetting  the  eye  about  as  is  done  (11.48 
a.  m.)  it  dilates,  sometimes  slowly,  but  in  this  case  rapidly,  after 
which  it  again  constricts.  The  experiment  was  continued  (1.9)  by 
replacing  the  Kinger  solution  with  a very  dilute  solution  of  adrenalin 
of  the  same  temperature,  disturbing  the  eye  to  about  the  same  ex- 
tent as  before.  This  again  caused  dilation  similar  to  that  following 
the  mechanical  stimuli  just  described.  At  first  sight  this  last  dila- 
tion might  easily  be  attributed  to  the  adrenalin  since  the  eye  not 
only  dilates  more  slowly  but  the  dilation  persists.  Other  observa- 
tions, however,  lead  me  to  conclude  that  the  adrenalin  has  but 
little  action  and  that  which  it  has  is  exerted  in  supplementing  the 
mechanical  stimuli  and  perhaps  in  retarding  the  after  constriction. 

Since  ordinary  sunlight  is  unsatisfactory  for  quantitative  work  of 
this  nature,  artificial  light  was  substituted.  If  the  proper  intensity 
be  used  and  the  eyes  observed  at  22  to  23°  C.  then,  instead  of  con- 
striction, dilation  may  occur  with  very  dilute  solutions.  The  dila- 
tion sometimes  present  with  a concentration  of  1 of  adrenalin  to 
625,000  of  Ringer  or  with  weaker  solutions  is,  however,  not  at  all 
suited  for  quantitative  determinations. 


Table  XVII. — Mydriatic  action  of  natural  l-adrenalin. 
EXCISED  FROG’S  EYE. 


Experiment  39a. 
1:2,000. 

Experiment  41a. 
1:  5,000. 

Experiment  55b. 
1:  25,000. 

Time. 

Long 

Short 

Time. 

Long 

Short 

Time. " 

Long 

Short 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

A.  m. 

M.  m. 

M.  m. 

P.  m. 

M.  m. 

M.  m. 

P.  m. 

if.  m. 

M.  m. 

10. 12 

a 2. 135 

a 1.700 

3.  56 

a 2.  010 

a 1.  430 

2. 10 

a 1.760 

a 1.  660 

10. 15 

a 2. 115 

a 1.  690 

4.5 

a 2.  055 

a 1.  650 

2.  32 

a 2.  030 

a 1.  840 

10. 20 

a 2.  070 

a 1.  720 

3.  25 

a 1.  765 

a 1.  435 

10.21 

a 2. 125 

a 1.  730 

3.  30 

a 1.  730 

a 1.  510 

10.  26 

a 2. 135 

a 1 740 

4.8 

a 2. 100 

a 1.  650 

3.42 

a 1.  790 

a 1.  595 

10.  27 

In  adrenalin. 

4.9 

In  adrenalin. 

3.44 

i In  adrenalin. 

10.29 

6 2. 185 

b 1.  750 

4. 11 

b 2. 105 

b 1.  805 

3.46 

6 1.900 

6 1.  795 

2 

CO.  050 

cO.  010 

2 

CO.  005 

c 0.  155 

2 

CO.  110 

cO.  200 

10.  31 

b 2.  250 

b 1.  935 

4. 13 

b 2.  510 

b 2.  305 

3.  48 

6 1.990 

6 1.  940 

4 

CO.  115 

cO.  195 

4 

CO.  410 

c 0.  655 

4 

CO.  200 

cO.  345 

a Actual  length  of  axis  measured  in  2 c.  c.  of  Ringer  solution  at  23  ° C. 

6 Actual  length  of  axis  at  time  measured. 

c Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of  minutes 
indicated  to  left  in  time  column. 
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Table  XVII. — Mydriatic  action  of  natural  l-adrenalin — Continued. 
EXCISED  FROG’S  EYE— Continued. 


Experiment  39a. 
1:2,000. 

Exjjeriment  41a. 
1:5,000. 

Experiment  55b.  } 

1 1:25,000. 

Long 

Short 

Time. 

Long 

Short 

Time. 

Long 

Short  i 

axis. 

axis. 

axis. 

axis. 

axis. 

axis. 

10. 27 

In  adrenalin. 

4.9 

In  adrenalin. 

3.44 

In  adrenalin.  j 

A . m. 

M.m. 

M.  m. 

P.  m. 

if.  m. 

if.  m. 

P.  m. 

if.m. 

if.  m. 

10.  34 

a 2.  515 

a 2.  440 

4. 15 

a 2.  700 

a 2.  510 

3.54 

<2  2. 100 

<2  2.065 

7 

& 0.380  23.0° 

6 0.  700 

6 

6 0.  600 

23.  8‘ 

’ 6 0.  860 

6 

6 0.  310 

6 0.  470 

10.  36 

a 2.  830  C. 

a 2.  685 

4.18 

a 2.  750 

C. 

<2  2.  640 

3.52 

a 2. 235 

<2  2.  150 

9 

6 0.  695 

6 0.  945 

9 

6 0.650 

6 0.990 

8 

^ 6 0.445 

60.  555 

10.  38 

a 2.  950 

a 2.  785 

4 21 

a 2.  850 

<2  2.  760 

3.54 

<2  2.  360 

<2  2.  245 

11 

6 0.  815 

6 1.  045 

12 

6 0.750 

6 1. 110 

10 

6 0.  570 

6 0.  650 

10.40 

a 2.  950 

a 2.  830 

4 23 

a2.m 

<2  2.  800 

3.58 

<2  2.  520 

<2  2.350 

13 

6 0.  815 

61.  090 

14 

6 0.  760 

6 1. 150 

14 

6 0.  730 

6 0.  755 

10.42 

a 2.  950 

'12.  830 

4 25 

a 2.  840 

<2  2.  780  1 

4 00 

<12.555 

<2  2.  400 

15 

6 0.  815 

6 1.  090 

16 

6 0.  740 

6 1. 130 

16 

6 0.  765 

6 0.  805 

10.44 

a 2.  950  23.1° 

a 2.  830 

4 27 

a 2.  840 

a 2.  800 

43 

a 2.  610 

a 2.  430 

17 

6 0.  815  C. 

6 1.  090 

18 

; 6 0.710 

6 1. 110 

19 

6 0.  820 

6 0.S35 

10.  47 

a 2.  970 

a 2.  830 

4 35 

a 2.  775 

<2  2.  820 

46 

<2  2.665 

a 2.  410 

20 

6 0.835 

6 1.  090 

26 

6 0.675 

6 1. 170 

22 

6 0.  875 

6 0.  815 

10.50 

a 2.  935 

a 2.  830 

4.40 

a 2.  640 

<2  2.840 

4.8 

<2  2.  695 

<2  2.  425  ' 

23 

6 0.  800 

6 1.090 

31 

6 0.540 

6 1. 190 

24  : 

6 0.905 

6 0.830  i 

10.  52 

a 2.  900 

a 2.  815 

4.45 

a 2.  600 

<12.800 

4. 11 

: a 2.  705 

<2  2.  425 

i 

6 0.  765 

61.075  , 

36 

6 0.  500 

6 1. 150 

27 

6 0.915 

6 0.830  ; 

: 10. 54 

a 2.  890 

a 2.  815 

4 51 

a 2.  615 

<2  2.  775 

4.13 

<2  2.700 

<12.395 

27 

6 0.  655 

6 1.075 

41 

6 0.  515 

6 1. 125 

29 

, 6 0.910 

6 0.800  i 

10.  56 

a 2.  900 

a 2.  770 

4 56 

a 2.  610 

<2  2.  750 

4. 15 

<2  2.  715 

<2  2.400  ' 

29 

6 0.  765 

6 1.030  1 

46 

6 0.  510 

6L100 

31 

6 0.  925 

6 0.805  i 

11.  00 

a 2.  880 

a 2.  770  j 

5.2 

a 2.  600 

23.  8‘ 

’ a 2.  690 

417 

a 2.  700 

<2  2.390  1 

33 

6 0.  745 

6 1.030  i 

52 

6 0.  500 

C. 

6 1.  040 

33 

6 0.  910 

6 0.  795 

; 11.3 

a 2.  845  23.4° 

a 2.  775  1 

5. 10 

a 2.  590 

<2  2.  675 

4 20 

a 2.  670  ■ 

a 2.  380 

: 36 

6 0.700  C. 

6 1.  035 

60 

6 0.  510 

61.025 

36 

6 0.880 

6 0.  785 

1 11. 14 

a2.850 

a 2.  690 

5. 16 

<2  2.  600 

<2  2.  675 

4 25 

<2  2.645 

<2  2.335  j 

^ 47 

6 0.  705 

6 0.  950 

66 

6 0.  500 

6 1.  025 

41  1 

6 0.845 

6 0.740  : 

4.27 

a 2.  625 

<2  2.  320  1 

43 

6 0.  835 

6 0.725  i 

4 37 

<2  2.  560 

a 2. 190 

53 

6 0.770 

6 0.  595 

c 20  min. 

i 

c 13  min. 

c 14  min. 

c 31  min. 

j c 31  min. 

c 24  min. 

a Actual  length  of  axis  at  time  measured. 

6 Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of 
minutes  indicated  to  left  in  time  column. 

c 'rime  required  for  each  axis  to  reach  a maximum  length. 
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Table  XVIII. — Mydriatic  action  of  natural  l-adrenalin. 


EXCISED  FROG’S  EYE. 


Experiment  44a. 
1 : 125,000. 

Experiment  46a. 
1 : 625,000. 

Experiment  47a. 
1 : 3,125, 000. 

Long 

Short 

Time. 

Long 

Short 

Time. 

I Long 

Short  1 

axis. 

axis. 

axis. 

axis. 

i axis. 

axis. 

A.  m. 

M.m. 

M.m. 

A.  m. 

M.m. 

M.m. 

A.  m. 

M.m. 

i 

M.  m. 

9.35 

a 1. 810 

a 1.240 

10.09 

a 2.  010 

a 1.  710 

10. 12 

a 2. 235 

a 2.  055 

10.7 

a 1.745 

a 1.180 

10.11 

a 2.  025 

a 1. 720 

11.46 

o 1.  490 

23. 2°  a 0.  900 

11.13 

10. 16 

a 2. 015 

a 1.  690 

11.58 

a 1.670 

a 1.165 

10.  42 

a 1. 925 

a 1.560 

P am 

11.13 

a 1.690 

a 1. 020 

11.26 

a 1.  895 

01.435 

JL  • Iflm 
12.2 

a 1.735 

a 1.290 

1.2 

al.635 

o 1.080 

11.16 

In  adrenalin. 

11.29 

In  adrenalin. 

1.9 

In  adrenalin. 

11.18 

b 1.  735 

6 1. 175 

11.34 

6 2. 075 

6 1.615 

1.12 

6 1. 670 

6 1. 170 

2 

CO.  045 

c 0. 155 

5 

CO.  180 

CO.  180 

3 

CO.  035 

cO.  090 

11.20 

b 1.  855 

6 1.265 

11.37 

6 2. 135 

6 1.  640 

1.15 

6 1.  710 

6 1.200 

4 

c 0. 165 

CO.  245 

8 

c 0.  240 

23.  0° 

cO.  205 

6 

cO.  075 

CO.  120 

11.21 

6 1.880 

6 1.  375 

11.40 

6 2. 140 

C. 

6 1.  645 

1.20 

6 1.  825 

6 1.400 

5 

c 0. 190 

22.0° 

c 0.355 

11 

c 0.  245 

cO.  210 

11 

CO.  190 

c 0. 320 

11.26 

61.905 

C. 

6 1.530  1 

P.  w.. 

1.26 

6 1.  950 

24. 2°  6 1.  645 

10 

CO.  215 

c 0.  510 

12.11 

6 2. 195 

6 1.660 

17 

CO.  315 

C.  c 0.565 

11.  29 

6 2.000 

6 1.  710 

42 

CO.  300 

CO.  225 

1.36 

61.935 

6 1.  610 

13 

CO.  310 

c 0.690 

12.17 

6 2. 195 

22.2° 

6 1.700 

27 

CO.  300 

c 0.  530 

11.31 

6 2.050 

6 1.  775 

48 

CO.  300 

C. 

cO.  265 

1.48 

6 1.  850 

6 1.405 

15 

co.360 

cO.  755 

12.41 

6 2. 225 

6 1.  710 

39 

c 0.215 

23.  2°  c 0.  325 

11.40 

6 2.240 

6 1.940 

72 

CO.  330 

22.  4° 

c 0. 275 

2.08 

6 1.  815 

C.  6 1.  310 

24 

c 0. 550 

CO.  920 

1.6 

6 2.  310 

C. 

6 1.  790 

59 

cO.  180 

CO.  230 

11.42 

6 2. 280 

6 1.960 

97 

c 0.415 

c 0.  355 

2. 27 

6 1.800 

6 1.  370 

26 

c 0.590 

CO.  940 

1.23 

6 2.  340 

6 1.800 

78 

CO.  165 

c 0. 290 

11.44 

6 2.  360 

6 2.000 

114 

CO.  445 

CO.  365 

2.32 

6 1.  790 

6 1.  430 

28 

c 0. 670 

CO.  980 

1.34 

6 2.  325 

6 1.  775 

83 

c 0. 155 

23. 2°  c 0.  350 

11.48 

6 2.  430 

6 2. 040 

125 

c 0.  430 

CO.  340 

2.37 

6 1.765 

C.  6 1.  380 

^ 32 

CO.  740 

22.0° 

c 1. 020 

1.45 

6 2.  335 

22.4° 

6 1.800 

88 

c 0. 130 

c 0.  300 

■ 11.56 

6 2.500 

C. 

6 2. 105 

136 

CO.  440 

C. 

c 0.  365 

2.54 

6 1.780 

6 1.  355 

40 

i CO.  810 

c 1. 085 

2.12 

6 2. 370 

6 1. 800 

105 

CO.  145 

cO.  275 

1 11. 59 

. 6 2.570 

6 2.190 

163 

c 0.  475 

c 0.  365 

3.14 

6 1.  790 

61.420 

43 

C0.880 

cl.  170 

2.30 

6 2.385 

6 1.  825 

125 

cO.  155 

CO.  340 

P.  m. 

181 

CO.  490 

cO.  390 

3.  34 

6 1.  760 

61.360 

\ 12.1 

6 2.575 

6 2. 225 

2.  51 

6 2.  405 

61.830 

145 

CO.  125 

CO.  280 

1 45 

CO.  885 

cl.  205 

202 

CO.  510 

22. 8° 

CO.  395 

3.  54 

6 1.  795 

6 1. 295 

12.9 

i 62.635 

6 2.  345 

3. 11 

6 2.420 

C. 

61.865 

165 

CO.  160 

CO.  215  1 

, 53 

c 1. 045 

c 1.  325 

222 

c 0.  525 

cO.  430 

4. 31 

6 1.  720 

6 1.  245 

12. 13 

6 2.  670 

6 2.  395 

3.42 

6 2.445 

6 1.  875 

202 

cO.  085 

24.  6°  c 0.165 

' 57 

cl.  080 

22.2° 

c 1.  375 

253 

c 0.  550 

c 0-440 

6.41 

6 1.  545 

C.  6 1. 000 

12.21 

6 2.670 

C. 

6 2.  495 

4.6 

6 2.  475 

6 1.  855 

332 

CO.  090 

c 0. 080 

65 

cl.  080 

cl.  475 

277 

CO.  580 

cO.  420 

a Actual  lengtE  of  axis.  Measured  in  2 c . c . of  R inger  solution  at  23  ° C . 
b Actual  length  of  axis  at  time  measured. 

Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of  minutes 
indicated  to  left  in  time  column. 
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Table  XYIII. — Mydriatic  action  of  natural  l-adrenalin — Continued. 
EXCISED  FROG’S  EYE- Continued. 


Experiment  44a. 
1 : 125,000. 

Experiment  46a. 
1 : 625,000. 

Experiment  47a. 
1 : 3,125,000. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 
axis.  1 

1 

Time. 

Long  Short- 

axis.  axis. 

11.16 

In  adrenalin. 

11.29 

In  adrenalin. 

1.9 

In  adrenalin. 

P.  m. 

M.  TO. 

M.  TO. 

P.  TO. 

Tf.  TO. 

M.  TO. 

A.  TO. 

M.  TO.  JLf.  TO. 

12. 26 

“ 2.  670 

“2.465 

4.36 

“2.485  23.0° 

“1. 825 

70 

6 1.080 

61.445 

307 

6 0. 590  C. 

6 0.390 

12.35 

“2.  645 

“2.  465 

4.  54 

“2.480 

“1.890 

79 

6 1. 055 

6 1.445 

325 

6 0.585 

6 0.455 

12.  44 

“2.650 

“2.500 

6. 51 

“2.390 

“ 1. 855 

88 

6 0.960 

61.480 

442 

6 0.  495 

6 0.  420 

' 12.  47 

“2.650 

“2.500  ' 

6.54 

a 2.  390 

“1. 870 

91 

6 0.960 

61.480 

■ 445 

6 0.495  22.4° 

6 0.435 

1.12 

“2.640 

“ 2.  525 

7. 32 

“2.325  C. 

“1.840 

116 

6 0.950 

61.  550 

483 

6 0. 430 

6 0.  405 

1.20 

“ 2.  655 

“2.480 

7.  56 

“ 2. 255 

“1.845 

124 

6 0.965 

61.460 

517 

6 0.  360 

6 0.  410 

1.35 

“2.580 

“2.435 

137 

6 0. 890 

61.415 

c 55  min. 

c 114  min. 

c 307  min,  c 325  min. 

c 17  min.  c 145  min. 

“Actual  length  of  axis  at  time  measured. 

& Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  niimherof 
minutes  indicated  to  left  in  tune  column. 
cTime  required  for  each  axis  to  reach  a maximum  length. 

The  readings  recorded  in  Tables  X^TI  and  are  taken  from 

eves  immersed  in  1:2,000.  1:5,000,  1:25,000,  1:125,000,  1:625,000, 
and  1 : 3,125,000  solutions  of  natural  l-adrenalin  kept  at  nearly  con- 
stant temperatures  and  lighted  by  electric  light.  It  ^vih  be  noticed 
that  ^vith  an  increased  concentration  of  adrenalin  there  is  a shorten- 
ing of  the  time  required  to  cause  maximum  dilation.  If  we  take  the 
mean  of  the  times  in  Tables  XVII  and  XATII  recjuired  by  the  long 
and  short  axes  to  reach  a maximum  length  it  ’will  be  found  that — 

1:  2,000  caused  maximum  dilation  in  16  min, 

1:  5,000  caused  maximum  dilation  in  22  min. 

1:25,000  caused  maximum  dilation  in  70  min. 

1: 125,000  caused  maximum  dilation  in  84  min. 

1:  625,000  caused  maximum  dilation  in  316  min. 

1:3,125,000  caused  maximum  dilation  in  (81)?  min. 

On  the  '^diole  the  results  are  not  very  satisfactory,  and  if  the  mini- 
mum time  necessary  for  one  of  the  axes  be  taken  to  represent  the 
time  of  dilation  the  results  are  even  less  concordant.  The  solutions 
in  the  order  named  above  cause  maximum  dilation  in  13,  14,  66,  55, 
307,  and  17  minutes,  respectively. 
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The  most  reliable  results  are  obtained  by  comparing  two  solutions 
upon  eyes  from  the  same  frog,  thus  giving  test  objects  more  nearly 
alike,  the  one  solution  being  used  on  the  right  and  the  other  upon  the 
left  eye.  .Although  the  eyes  from  other  frogs  may  show  for  given 
sets  a longer  or  shorter  '‘dilation  time,”  as  a rule  the  higher  readings 
will  be  approximate  multiples  of  the  lower,  so  that  the  relative  values 
of  the  coefficients  of  strengths  thus  obtained  will  remain  about  the 
same  throughout. 

As  indicated  in  Table  XIX  the  eyes  of  frogs  Xos.  71,  72,  and  73 
yield  very  consistent  results.  Xot  only  do  the  dilation  times  of  the 
weaker  solutions  agree  ^vith  each  other,  but  those  of  the  stronger 
agree  and  the  lengths  of  these  times  are  roughly  proportional  to  the 
concentration.  At  18°  to  19°  C.: 

1:20,000  adrenalin  solution  causes  maximum  dilation  in  28  to  29  minutes. 

1:40,000  adrenalin  solution  causes  maximum  dilation  in  27  to  39  minutes. 

1:80,000  adrenalin  solution  causes  maximum  dilation  in  55  minutes. 

Table  XIX. 


Frog  X’o.  7 

1. 

Frog  Xo.  7 

2. 

Frog  Xo.  7 

3. 

Time,  i 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long  : 
axis.  ' 

Short 

axis. 

P.  m 

M.m. 

M.m. 

P.  m. 

il.m. 

M.m. 

P.  m. 

M.m. 

M.m. 

Right  eve  in  1:40,000 

2.52 

3.015 

2.425 

11. 27 

3.250 

2.  550 

1.49 

3.  470 

2.985 

2. 15 

1.916 

1.  305 

10.  48 

1.950 

1.140  1 

1.12 

2.160  ! 

1.  215 

37  min. 

1. 055 

1. 120 

39  min. 

1.300  : 

1.410 

37  min. 

i 1.310  : 

1.  770 

Left  eye  in  1:20,000 

2.45 

3. 245 

2.985 

11.46 

3.165 

2.715 

2.17 

2.205 

1.480 

11.17 

1.720  ' 

0.  810 

28  min. 

1.040 

1.  505 

29  min. 

1.445 

1.905  : 

Left  eye  in  1:80,000 

2.4 

3.265 

2.  810 

1.9 

2. 175 

1.135 

1 

1 

55  min. 

1.090 

1.675 

Weight  of  frogs,  Xo.  71=30  grams;  Xo.  72=26  grams,  Xo.  73=26  grams. 

All  the  eyes  were  measured  in  a Einger-adrenalin  solution  kept  at  18°  to  19°  C.,  lighted  by  a 16- 
candlepower  incandescent  light  under  a metaUic  reflector.  The  maximum  dilation  is  determined  by  the 
time  required  by  first  axis  to  reach  its  greatest  length. 

EELATIVE  MYDRIATIC  ACTION  OF  NATURAL  L-  AND  OF  SYNTHETIC  DL- 
ADRENALIN  UPON  THE  EXCISED  FROG’S  EYE. 

A comparison  of  the  degree  of  mydriasis  excited  by  natural  1-  and 
synthetic  dl-adrenalin  seems  to  indicate  that  the  former  is  the  more 
active.  This,  however,  is  not  brought  out  very  sharply  by  comparing 
a large  number  of  eves  promiscuous!}'.  For  example,  if  the  results  of 
Tables  XYll,  XXlil,  XXI,  XXII,  XXIII,  and  XXIV  be  compared 
the  following  relations  seem  to  obtain. 
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Table  XX. — Comparison  of  time  required  to  cause  maximum  mydriasis. 


1 

I 

Synthetic  dl-. 

Natural  1-. 

Synthetic  dl-. 

Concentration  of  solution. 

Long 

axis. 

Short 

axis. 

Long  1 
axis,  j 

Short 

axis. 

Long  1 
axis,  j 

Short 
I axis. 

Min. 

Min. 

1 

Min.  \ 

Min. 

Min. 

Min. 

1:2,000  

21 

21 

20 

13 

15 

15 

1:5,000  

23 

16 

14 

31 

17 

26 

1:25,000 

56 

38 

31 

24 

61 

54 

1:125,000 

153 

203 

55 

114 

332 

359 

1:625,000 

74 

74 

307 

325 

367 

367 

1:3,125,000  

67 

79 

17 

145 

243 

275 

It  will  be  noticed  that  one  of  the  axes  of  the  eyes  in  natural  1-ad- 
renalin  nearly  always  reaches  a maximum  length  before  those  in 
synthetic  dl-adrenalin  solution  of  like  concentration.  Furthermore, 
solutions  less  dilute  than  1:125,000  are  uncertain  in  their  action,  the 
dilation  time  often  becoming  less  than  that  normal  for  solutions  of 
greater  concentration.  This  is  brought  out  more  clearly  in  Tables 
XVm  and  XXII,  in  which  it  will  be  seen  that  the  dilation  time  is 
very  irregular  for  dilute  solutions. 


Table  XXI. — Mydriatic  action  of  synthetic  dl-adrenalin. 
EXCISED  FROG’S  EYE. 


Experiment  50b. 
1:2,000. 

Experiment  52a. 
1:  5,000. 

Experiment  55a. 
1:25,000. 

1 

Time. 

Long  Short 

axis.  axis. 

Time. 

Long  Short 

axis.  axis. 

1 

Time. 

Long  Short 

axis.  axis. 

P.  7n.  j 
1.44  1 
2.50 

M.  m;  3L  m. 

a 1.  720  o 1.  310 

a 1.  690  a 1.  275 

' P.  m. 
1.  46 

M.  m.  M.  m. 

a 1.  810  a 1.  435 

P.  m. 
2. 12 

M.  m.  M.  m. 

a 1.  885  “ 1.  815 

i 

3.  1 ' 

i 

a 1.690  a 1.360 

1.  55 

i 

a 1.  876  a 1.  585 

2. 21 

a 1.  980  a 1.  920 

3. 3 ' 

In  adrenalin. 

1.  57 

In  adrenalin. 

2.23 

In  adrenalin. 

3.6 

3 

3.9 

6 

3. 12 
9 

61.745  61.440 

cO.  055  cO.  080 

1 6 1.  885  6 1.  750 

cO.  195  CO.  390 

6 2.095  6 2.010 

c 0.  405  c 0.  655 

1.59 

2 

2.2 

1 

1 ^ 
2.4 

6 1. 900  6 1.  880 

CO.  030  c 0.295 

6 2. 140  6 2.  235 

CO.  270  c 0.650 

6 2.  485  6 2.  460 

c 0.  615  c 0.  875 

2.  26 
3 

2.  28 
5 

2.  30 

6 2. 190  62. 125 

1 c 0.210  c 0.205 

6 2. 205  6 2.  095 

c 0.215  c 0.175 

j 6 2. 225  6 2. 135 

! c 0.245  c 0.215 

1 

a Actual  length  of  axis.  Measured  in  2 c.  c.  of  Ringer  solution  at  23  °C. 

& Actual  length  of  axis  at  time  measured. 

cChangein  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of 
minutes  indicated  to  left  in  time  column. 
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Table  XXI. — Mydriatic  action  of  synthetic  dl-adrenalin — Continued. 
EXCISED  FROG’S  EYE— Continued. 


Experiment  50b. 
1:2,000. 

L _ 

Experiment  52a. 
1:5,000. 

Experiment  55a. 
1:25,000. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

! 3.3 

1 

In  adrenalin. 

1.57 

In  adrenalin. 

2.23 

In  adrenalin. 

P.  m. 

M.  m. 

M.  m. 

P.  m. 

M.  m. 

M.  m. 

P.  m. 

M.  m. 

M.  m. 

3. 14 

a 2.  290 

a 2.  220 

2.6 

a 2.  510 

0 2.530 

2.  35 

0 2.355 

a 2.  215 

11 

b 0.  600 

6 0.860 

9 

6 0.  640 

6 0. 945 

12 

6 0.  375 

6 0.  295 

3.16 

a 2.  485 

o 2.  390 

2.9 

o 2.  695 

0 2.620 

2.  37 

0 2.  400 

o2.  310 

13 

b 0.  795 

b 1.  030 

12 

6 0.  825 

6 1.  035 

14 

6 0.  420 

6 0.  390 

3. 18 

a 2.  650 

0 2.  600 

2. 11 

0 2.  775 

o 2.  640 

2.39 

0 2.460 

0 2.  375 

15 

b 0.  960 

b 1.  240 

14 

6 0.  905 

6 1.  055 

16 

6 0.  480 

6 0.  455 

3. 20 

a 2.  730 

0 2.680 

2. 13 

o 2.  875 

0 2.  650 

2.42 

0 2.  500 

0 2.  400 

17 

b 1.  040 

b 1.  320 

16 

6 1.  005 

6 1.  065 

19 

6 0.520 

6 0.  480 

3.  22 

a 2.  730 

o2.  760 

2. 15 

o2.  885 

o 2.  600 

2.45 

o2.  330 

o2.  420 

19 

b 1.  040 

b 1.  400 

18 

6 1.  015 

6 1.  015 

22 

6 0.  550 

6 0.  500 

3.  24 

a 2.  820 

O2.800 

2. 18 

o 2.  960 

0 2.575 

2.  47 

o 2.  580 

o2.  455 

21 

b 1. 130 

b 1.  440 

21 

6 1.  090 

6 0.990 

24 

6 0.  600 

6 0.  535 

3.  26 

a 2.  810 

0 2.  775 

2.  20 

o 2.  970 

0 2.520 

2.  50 

0 2.590 

o2.  450 

23 

b 1. 120 

b 1.  415 

23 

6 1. 100 

6 0.  935 

27 

6 0.  610 

6 0.  530 

3.  30 

0 2.810 

o 2.  750 

2.22 

o2.  955 

o 2.  510 

2.52 

0 2.590 

o 2.  465 

27 

b 1. 120 

b 1.  390 

25 

6 1.  085 

6 0.925 

29 

6 0.  610 

6 0.  545 

3.  35 

o 2.  805 

0 2.  760 

2.27  1 

o 2.  960 

o 2.  490 

2.  54 

o2.  600 

a 2.  470 

32 

b 1. 115 

6 1.  400 

30  : 

6 1.  090 

6 0.  905 

31 

6 0.  620 

6 0.  550 

3.  37 

o2.  815 

0 2.725 

2.36  ! 

o2.  955 

o 2.  475 

2.  57 

o2.  610 

o2.  465 

34 

bl.  125 

6 1.  435 

39 

6 1.085 

6 0. 890 

34 

6 0.  630 

6 0.  545 

3.42 

0 2.  800 

o2.  725 

2.44  : 

o2.  945 

o2.  515 

2.59 

o 2.  635 

o 2.  435 

39 

b 1. 110 

6 1.  435 

47  ; 

6 1.  075 

6 0.  930 

36 

6 0.  655 

6 0.  515 

3.  58 

o2.  765 

o 2.  620 

4.4  ! 

0 2.  850 

o 2.  325 

3.1 

o 2.  670 

0 2.435 

55 

b 1.  075 

6 1.  260 

127  * 

6 0.  980 

6 0.  740 

38 

6 0.  690 

6 0.  575 

4.05 

o2.  765 

o 2.  610 

3.4 

0 2.  675 

o2.  410 

62 

b 1.  075 

61.250 

I 

41 

6 0.  695 

6 0.  490 

3.6 

o 2.  710 

o2.  435 

43 

6 0.  730 

6 0.  515 

3.8 

o 2.  715 

o2.  410 

! 

45 

6 0.735 

6 0.  490 

i 

3.10 

0 2.  730 

0 2.  405 

47 

6 0.  750 

6 0.  495 

3. 19 

0 2.  740 

o2.  400 

56 

6 0.760 

6 0.480 

3.  21 

0 2.725 

o 2.  270 

58 

6 0.  745 

6 0.  350 

1 

3.  23 

o 2.  690 

o2. 195 

60 

6 0.  710 

6 0.  275 

4.  30 

0 2.485 

0 2.  050 

67 

6 0.505 

1 

6 0. 130 

c 21  min. 

c 21  min. 

' c 23  min. 

c 16  min. 

c 56  min. 

c 38  min. 

a Actual  length  of  axis  at  time  measured. 

b Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of  minutes 
indicated  to  left  in  time  column. 

c Time  required  for  each  axis  to  reach  a maximum  length. 
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Table  XXII. — Mydriatic  action  of  synthetic  dl-adrenalin. 


EXCISED  FROG’S  EYE. 


Experiment  5‘ 
1: 125,000. 

'a. 

Experiment  60a. 
1:62.5,000. 

Experiment  62a. 
1:3,125,000. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

A . 772 . 

M.  772. 

M.  m. 

A.  m. 

J./.777. 

J/.  777. 

A.  777. 

if.  777. 

3/.  777. 

9.  57 

0 2.215 

O2.020 

10. 43 

a 1.930 

a 1. 870 

11.5 

a 2. 515 

0 2.550 

10.' 4 

0 2.255 

0 2.035 

10.  45 

al.  995 

a 1. 915 

11.28 

a 2. 285 

0 2. 190 

o2. 175 

11. 11 

a 1.950 

a 1. 650 

11. 35 

0 2.240 
o2.  030 

o 2. 140 
o 1.  765 

10.42 

o 2. 175 

0 1.920 

11. 55 

11.29 

o2.110 

ol.  750 

11.53 

a 1.  9a5 

a 1.640 

P.  777. 

12.32 

o2. 160 

0 1.975  ' 

11.  31 

In  adrenalin. 

11. 55 

In  adrenalin. 

12.  37 

In  adrenalin. 

11.33 

6 2.230 

6 1. 900 

11.57 

6 2.010 

61.745  ^ 

12.41 

62.350 

62.160  ' 

2 

cO.  120 

CO.  150 

2 

cO.  105 

CO.  105 

4 

CO.  190 

cO.185 

11.35 

6 2. 305 

6 1. 915 

P.  771. 

12.43 

6 2.410 

62.285 

4 

c 0. 195 

c 0. 165 

12.3 

6 2.075 

61.860 

6 

c 0.250 

c 0.310 

11. 39 

6 2.405 

6 2.045 

8 

c 0. 170 

CO.  220 

12.52 

6 2. 520 

6 2.420  • 

i 8 ' 

c 0.295 

CO.  295 

12.10 

62.090 

6 1. 910 

15 

cO.  360 

CO- 445 

1 11. 43 

6 2. 435 

62.180 

15 

cO.  185 

CO.  270 

12.54 

62.535 

6 2. 390 

12 

c 0.325 

C0.430 

12.25 

6 2. 140 

61.890 

17 

c 0. 375 

c 0. 415 

' 11.53 

6 2.  485 

6 2. 240 

30 

c 0.235 

C0.250 

1.6 

6 2.495 

62.  .335 

22  1 

c 0. 375 

c 0.490 

* 12.29 

6 2. 190 

6 1. 870 

29 

C0..3.35 

CO.  360 

12.00  ' 

6 2. 475 

6 2.245 

1 34 

c 0.285 

CO.  230 

1.12 

6 2.490 

6 2. 310 

29  ' 

c 0. 365 

cO.  495 

; 12.40 

6 2.225 

61.885 

35 

c 0.3.30 

cO.335 

P.  772  . 

i 45 

c 0.320 

CO.  245 

1.27 

6 2.465 

6 2. 280  • 

' 12.3  1 

1 6 2.515 

62.235 

1 12.46 

6 2.230 

6 1.920 

50 

c 0.305 

CO.  305 

32  : 

c 0. 405 

cO.485 

' 57 

CO.  325 

CO.  280 

1.44 

6 2.  520 

6 2.a35 

12.  7 

6 2.  470 

62.185 

; 12.58 

6 2.250 

61.870 

67 

cO.360 

c 0.360 

36 

c 0. 360 

CO.  435  ! 

I 63 

CO.  345 

CO.  230 

1. 56 

6 2. 515 

62.375 

12.21 

6 2.505 

6 2.175 

1 1.1 

6 2. 240 

61.935 

79 

c 0. 355 

cO.400  ■ 

50  ; 

c 0. 395 

CO.  425 

66 

CO.  335 

c 0. 295 

2. 19 

6 2. 485 

6 2. 240 

12.24  ; 

6 2.605 

6 2.215 

1.6 

6 2.265 

6 1. 990 

102 

c 0.325 

cO.265 

53  ! 

cO.  495 

c 0. 465 

71 

c 0.360 

CO.  350 

2.30 

6 2.  570 

22.8° 

62.300  1 

, 12. 30 

6 2.610 

6 2.240 

1.9 

6 2.295 

6 2.025 

113 

cO.350 

C. 

CO.  .325  : 

i 59  ; 

cO.500 

cO.490 

"I 

cO.  390 

CO.  38.5 

2.39 

6 2.  510 

62.305  t 

12. 34  ^ 

6 2. 655 

6 2.230  ; 

1 1.18 

6 2.225 

61.  940 

122 

cO.350 

cO.330 

63  ^ 

c 0.  545 

c 0. 480 

83 

cO.  320 

CO.  300 

2.56 

6 2. 410 

62.300 

12.36  ! 

6 2.690 

6 2.245 

’ 1.23 

62.005 

61. 940 

1.39 

c 0.250 

cO.325 

65 

cO.580 

c 0.495 

88 

c 0.300 

cO.300 

3. 18 

6 2.510 

6 2.340  1 

12. 40  i 

6 2.740 

6 2.240 

1.39 

6 2. 145 

6 1.  750 

161 

c 0.350 

cO.365 

69 

cO.630 

c 0. 490 

108 

c 0.240 

CO.  no 

3. 31 

62.385 

6 2.185  : 

j 12.50  : 

6 2. 830 

62.290 

1.48 

6 2. 145 

6 1.845 

174 

co.225 

c 0.210  ; 

i 

c 0.720 

cO.540  ^ 

113 

CO.  240 

c 0.205 

3. 45 

62.400 

62.255 

12.54 

6 2.845 

6 2.345 

188 

CO.  240 

cO.280  ! 

I 83 

c 0.735 

c 0.  595 

4. 18 

6 2.445 

62.255 

a Actual  length  of  axis  measured  in  2 c.  c;  of  Ringer  solution  at  23°  C. 
b Actual  length  of  axis  at  time  measured. 

c Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of  mmutes 
indicated  to  left  in  time  column. 
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Table  XXII. — Mydriatic  action  of  synthetic  dl-adrenalin — Continued. 

EXCISED  FROG’S  EYE— Continued. 


Experiment  57a. 
1: 125,000. 

Experiment  60a. 
1:625,000. 

Experiment  62a. 
1:3,125,000. 

Time. 

Long  Short 

Long  Short 

Time. 

Long  Short 

axis.  axis. 

axis.  axis. 

axis.  axis. 

11.31 

In  adrenalin. 

11.  55 

In  adrenalin. 

12. 37 

In  adrenalin. 

P.  m. 

M.  m.  M.  m. 

P.  m. 

M.  m.  M.  m. 

Y.  TO. 

M.  TO.  M.  TO. 

1.6 

0 2.850  0 2.355 

221 

6 0.285  6 0.280 

95 

b 0.  740  b 0. 605 

1.8 

0 2.860  0 2.375 

97 

& 0.  750  b 0. 625 

1.22 

0 2.950  0 2.465 

111 

& 0.840  6 0.715 

1.27 

0 2.945  0 2.570 

116 

6 0. 835  6 0.  760 

1. 33 

0 2.925  0 2.540 

1 

122 

6 0.  815  6 0.  790 

1 

1 

1.53 

0 2.930  0 2.530 

142  i 

6 0. 820  6 0.  780 

! 

2.1 

02.970  0 2.540 

150 

6 0.  860  6 0.  790 

2.4 

0 2.980  0 2.545 

153 

6 0. 870  6 0.  795 

2.17 

02.905  0 2.495 

166  . 

6 0.  795  6 0.  745 

j 

22.23 

0 2.950  O2.500 

172 

6 0. 840  6 0.  750 

2.26 

02.965  0 2.540 

175 

6 0.855  6 0.790 

2.32 

02.970  02.520 

181 

6 0. 860  6 0.  770 

1 2. 43 

02.920  0 2. 500 

I 192 

6 0. 810  6 0.  750 

2.52 

1 02.935  O2.500 

201 

6 0. 825  6 0.  800 

2.54 

0 2.945  0 2.575 

203 

6 0. 835  6 0. 825 

2.  57 

] 0 2.955  0 2.540 

206 

6 0.  845  6 0.  790 

3.9 

' 02.795  0 2.540 

218 

6 0. 085  6 0.  790 

c 153  min.  c 203  min. 

c 74  min.  074  min. 

c 67  min.  079  min. 

a Actual  length  of  axis  at  time  measured. 

6 Change  in  length  of  axis  after  the  eye  is  exposed  to  2 c.  c.  of  adrenalin  solution  for  the  number  of 
minutes  indicated  to  left  in  this  column, 
c Time  required  for  each  axis  to  reach  a maximum  length. 
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Table  XXIII. — Mydriatic  action  of  synthetic  dl-adrenalin. 


EXCISED  FROG’S  EYE. 


Experiment  39b. 
1:  2,000. 

Experiment  41b. 
1:  5,000. 

Experiment  43b. 
1:  25,000. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

Time. 

Long 

axis. 

Short 

axis. 

A.  m. 

M.  m. 

M.  m. 

P.  TO. 

M.  TO. 

31.  TO. 

A.  TO. 

31.  TO. 

if.  TO. 

10. 24 

a 2. 165 

a 1. 650 

2.51 

a 2. 000 

a 1. 690 

10. 16 

a 1.950 

a 1.660 

11.24 

a 1.665 

a 1.  260 

2.  54 

o2.  050 

a 1.  755 

10. 30 

a 1. 950 

a 1. 225 

11.25 

In  adrenalin. 

2.55 

In  adrenalin. 

10.31 

In  adrenalin. 

Time 
in  ad- 
renalin 
solution. 

Increase  in  length  of 
axes. 

Time 
in  ad- 
renalin 
solution. 

Increase  in  length  of 
axes. 

Time 
in  ad- 
renalin 
solution. 

Increase  in  length  of 
axes. 

Minutes . 

Long 

axis. 

Short 

axis. 

Minutes . 

Long 

axis. 

Short 

axis. 

Minutes . 

Long 

axis. 

Short 

axis. 

M.  m. 

M.  TO. 

31.  ra. 

31.  TO. 

if.  TO. 

if.  TO. 

2 

6 0.  230 

b 0. 140 

2 

6 0. 105 

6 0.  390 

- 3 

6 0.  000 

6 0. 165 

4 

b 0. 285 

6 0.315 

4 

6 0.  400 

6 0.  795 

5 

6 0.  050 

21.2“  6 0.275 

6 

b 0. 390 

23.8“  6 0.530 

6 

6 0. 620 

6 0. 945 

7 

6 0.  090 

C.  6 0.490 

8 

b 0. 650 

C.  6 0.815 

8 

6 0.  700 

6 1. 025 

9 

6 0. 160 

6 0.  490 

10 

b 0. 885 

23.0“  6 1.115 

10 

6 0.  785 

6 4. 965 

11 

6 0.250 

6 1. 175 

12 

b 1.  015 

C.  6 1. 280 

14 

6 0.  975 

6 1.080 

13 

6 0. 310 

6 0. 185 

15 

b 1.  060 

6 1.  325 

17 

6 1.010  23.9“ 

6 1.  080 

15 

6 0. 385 

6 0. 915 

18 

b 0. 990 

23.1“  6 1.305 

20 

6 0.  980  C. 

6 1. 130 

17 

6 0.  450 

6 1.  045 

20 

b 0.  950 

C.  6 1.275 

22 

6 0.  970 

6 1. 180 

20 

6 0.  615 

6 1. 175 

23 

b 0. 935 

6 1. 270 

24 

6 0.  965 

6 1. 195 

25 

6 0.  740 

6 1.310 

26 

6 0. 910 

6 1. 205 

27 

6 0.  780 

6 1.  330 

30 

6 0. 865 

6 1. 170 

29 

6 0.  825 

21.2“  6 1.365 

33 

6 0.815  23.8“ 

6 1. 140 

32 

6 0.  890 

C.  6 1. 400 

C. 

35 

6 0.  915 

6 1.  455 

37 

6 0. 935 

6 1.  515 

39 

6 0. 970 

6 1.515 

41 

6 0.  990 

6 1.  555 

43 

6 1.  045 

6 1. 605 

46 

6 1.  050 

6 1.  585 

48 

6 1.  085 

61.610 

50 

6 1. 110 

6 1.  640 

52 

6 1. 125 

6 1. 660 

54 

6 1. 145 

6 1.  685 

56 

6 1. 175 

21.6“  6 1.665 

61 

6 1. 225 

C.  6 1. 685 

66 

6 1.210 

6 1.  685 

69 

6 1.205 

6 1. 665 

c 15  min.  c 15  ruin. 

c 17  min.  c 26  min. 

c 61  min.  c 54  min. 

o The  actual  length  of  the  axes  are  given  only  for  the  first  and  last  reading  while  in  Ringer  at  23.° 
b Represent  the  increase  in  length  of  the  axis  after  exposure  to  adrenalin  solution  for  the  number  of  min- 
utes indicated  to  the  left  in  the  time  column. 

cTime  required  for  each  axis  to  reach  a maximum  length. 
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Table  XXIV. — Mydriatic  action  of  synthetic  dl-  adrenaCin. 

EXCISED  FROG'S  EYE. 


Experiment  44b. 
1:125.000. 

Experiment  4(3b. 
1:625.000. 

Experiment  47b. 
1:3,125,000. 

Time. 

Long 

Short 

Time. 

Short 

Time. 

Long 

Short ! 

axis. 

axis. 

1 axis. 

axis.  ' 

axis. 

axis.  ! 

A.  m. 

M.m.. 

M.m. 

! 

A.  m.  ''  3f.m. 

M.m.  ' 

A.m. 

M.m. 

M.m.  j 

9.  30 

a 1.  820 

a 1. 230 

10.  4 la  1. 940 

a 1.630  1 

10.4 

a 2.  200 

«2.250  ; 

9.  47 

a 1.  805 

20.  8°  al.  165 
C 

10.48  i a 1.875 

o 1.  475 

11.20 

a 1.  670 

1 

a 1.  125  ■ 

-1 

9.  48 

In  adrenalin. 

10.  50  In  adrenalin. 

11.  22 

In  adrenalin.  j 

Time 

Time 

Time 

1 

in  ad- 

Increase  in  length  of 

in  ad-  • Increase  in  length  of 

in  ad- 

Increase in  length  of 

renalin 

ixes. 

renalin 

axes. 

renalin 

axes.  1 

solution. 

solution. 

solution. 

-Min- 

Long 

Short 

Min-  Long 

Short  1 

, Min- 

Long 

Short 

utes. 

axis. 

axis. 

utes.  ; axis. 

a.xis. 

utes. 

axis. 

a.xis. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

4 

6 0. 105 

6 0. 090 

4 6 0.035 

6 0.105 

4 

6 0. 015 

23.  2°  6 0.  000 

1 7 

6 0. 085 

6 0. 095 

6 ^ 6 0.165 

6 0.210 

‘ 10 

6 0.010 

C 6 0.145 

9 

6 0.045 

6 0. 150 

14  6 0.245 

6 0.310 

' 21 

60.040 

11 

i 6 0.090 

6 0. 190 

27  : 6 0.110 

6 0.  no 

32 

6 0.  .300 

6 0.400  ! 

14 

1 60.090 

6 0.  325 

31  ' 6 0.095 

23.  0° 

6 0.055 

41 

6 0. 190 

6 0.  155  ! 

1(3 

O 

CO 

O 

20.  8°  6 0.  395 

53  6 0.  060 

C 

6 0. 035 

49 

6 0. 130 

6 0.130  j 

22 

‘ 6 0.160 

C 6 0.  470 

73  6 0.  125 

6 0.  070 

70 

6 0. 185 

6 0.210  1 

25 

6 0. 175 

21.0°  6 0.495 

77  6 0.130 

6 0.  070 

89 

6 0. 170 

6 0.  115 

28 

6 0.  270 

C 6 0.  560 

91  : 6 0. 140 

6 0.  060 

103 

6 0.  200 

6 0.  145 

30 

: 6 0.270 

6 0.  620 

106  6 0.175 

6 0.  065 

115 

6 0.235 

6 0.  240 

i 32 

! 6 0.  .320 

6 0.  650 

113  6 0.160 

6 0.  040 

127 

6 0. 190 

6 0. 115 

; 35 

! 6 0.  .350 

6 0.  670 

133  6 0.  200 

22.  4°  6 0.  075 

130 

6 0.  195 

6 0. 120 

i 37  ' 

6 0.350 

6 0.  700 

156  i 6 0.330 

C 

6 0.  090 

149 

6 0.  130 

22.  .3°  6 0.030 

! 41 

: 6 0.395 

21.4°  6 0.720 

160  6 0. 340 

6 0.  135 

163 

, 6 0.035 

C 6 0. 055  ! 

47 

6 0.485 

C 60.800 

179  6 0.  325 

6 0. 120 

169 

6 0.  050 

6 0.  005 

52 

6 0.490 

6 0.800 

182  6 0.  325 

22.  4° 

6 0.  120 

1 183 

6 0. 130 

6 0.  OSO  ; 

j 59 

6 0.  460 

6 0.  785 

199  6 0.  350 

C 

6 0.125 

192 

6 0. 175 

6 0.140 

1 02 

6 0.  470 

6 0.  805 

224  6 0.430 

6 0.130  j 

1 209 

60. 195 

6 0. 155  j 

i “ 

6 0.485 

6 0.  815 

238  : 6 0.425 

6 0.140 

234 

6 0.  215 

6 0.  230 

6 0.510 

6 0.  830 

264  6 0.  495 

22.  8° 

6 0.190 

249  j 

1 6 0.280 

6 0.285 

i I- 

6 0.  510 

6 0.  845 

289  6 0.  500 

C 

6 0.195 

275  I 

1 6 0.225 

6 0.365  ! 

1 82 

6 0.  555 

6 0.  875 

390  6 0.535 

6 0.260  , 

312 

6 0.180 

24.6°  6 0.265  ! 

: 95 

6 0.520 

22.  0°6  0.  740 

344  6 0.505 

60.290 

i 427 

6 0.115 

c 6 0. 175  ; 

107 

6 0.  565 

C 6 0.805 

367  6 0.  555 

6 0.315 

1 109 

60.  580 

6 0.860 

477  ; 6 0.  470 

6 0.305 

1 123 

60.585 

6 0.775 

491  ' 6 0. 250 

22.  4° 

60.295 

! 125 

; 6 0.620 

6 0.795 

520  6 0.230 

C 

6 0.  285 

136 

6 0.650 

6 0.  785 

548  6 0. 175 

6 0.  215 

138 

6 0.  660 

6 0.  825 

, 161 

6 0.685 

6 0.900 

a The  actual  length  of  the  axis  is  given  only  for  the  first  and  last  reading  while  in  Ringer  at  23.  23°. 
Represent  the  increase  in  length  of  the  axis  after  exposure  to  adrenalin  solution  for  the  number  of 
minutes  indicated  to  the  left  of  the  time  column. 

177 — Bull.  55 — 09 5 
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Table  XXI^  . — Mydriatic  action  of  synthetic  dJ-ivlrenalin — Continued. 


EXCISED  EROG  S EYE— Continue.!. 


Experiment  44b.  i 

1:125.000. 

Experiment  461).  i 

1 1:625.000. 

Experiment  47b. 
> 1:3.12.5.000. 

! 

9-  4S  In  adrenalin. 

* 10. 50  In  adrenaitn.  ' 

I 

^ 11.22  In  adrenalin. 

Time 

in  ad-  Increase  in  length  of 
renalln  axes, 

solution. 

Time 

' in  ad-  Increase  in  length  of 

renalin  ax^. 

solution. 

Time 

in  ad-  Increase  in  length  of 
renalin  axes, 

solution. 

Min-  Long  Short 

utes.  axis.  axis. 

Min-  - Long  Short 

utes.  axis.  axis. 

Min-  Long  Short 

utes.  axis.  axis. 

mm.  mm. 

mm.  mm. 

mm.  mm. 

164 

a 0.72'! 

a 0. 955 

ISl 

aO.  695 

a 0. 955 

1S3 

a a 705 

a 1.040 

197 

a 0.750 

a 1.  140 

199 

aa  750 

a 1. 140 

219 

a a 740 

aLlSO 

•») 

aQ.  741) 

a 1.200 

2.5S 

a 0.795 

a 1.  275 

260 

a 0.  S15 

a L 275 

2S1 

a a 915 

a 1.285 

2S6 

a 0.9:50 

a 1.  310 

31S 

a a 9S) 

aL:535 

-325 

a 0.980 

al.;555 

332 

e0-9S0 

a 1.  .375 

S3o 

a 0. 9S0 

a 1.  .375 

359 

a 0. 9s3 

■21.  6°  a 1.  .335 

362 

aaOSo 

C a 1.  .335 

3SS 

a 0.955 

a 1.325 

! 

6 332min.  &3.i9min.  inin.  min.  & 243  min.  & 275  min. 


'd  Represents  the  increase  in  length  of  the  axis  after  exposure  to  a<irenalin  solution  for  the  number  of 
tminutes  indicate.!  to  the  left  in  the  time  column. 

h Time  required,  for  each  axis  to  reach  a maximum  length. 

It  is  difficult  to  deteiToine  the  relative  mydriatic  activity  of  these 
two  products  by  simply  compailiig  the  results  obtained  vdth  eyes 
-from  different  fi'ogs,  for  when  this  is  done  the  inchvidtial  variations 
are  so  great  that  the  general  average  of  the  dilation  times  is  about 
the  same  for  like  concentrations  as  is  shown  by  taking  an  equal 
number  of  readings  from  groups  of  eyes. 


Synthetic.  >.atural. 


Min.  mn. 

21 
20 


1:1.000 

1:2,000 

1:5,000 


16 

20 

■26 
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If  one  were  to  use  these  figures  to  decide,  the  indication  would  he 
that  the  natural  1-  and  synthetic  dl-  products  have  an  equal  mydriatic 
action. 

As  is  shown  in  a study  of  large  numbers  of  eyes  a 1 : 2,000  solution 
ma}^  in  certain  cases  bring  about  maximum  dilation  in  as  short  a 
time  as  a 1:1,000  solution,  and  in  rare  instances  a 1:5,000  solution 
may  compare  veiy  favorabh’-  with  a 1 : 1,000  solution,  and  thus  throw 
more  or  less  doubt  upon  such  determinations  as  agree  with  results 
obtained  by  the  blood-pressure  method.  This  criticism  holds  for 
eyes  of  different  frogs;  but  it  does  not  hold  when  comparing  a 1 : 1,000 
solution  with  a 1 :5,000  solution  upon  the  right  eye  and  left  eye  of 
the  same  frog.  In  this  case  a series  of  experiments  will  quickly 
determine  which  is  the  stronger  of  the  two  solutions,  and  b}^  proper 
checking  against  a solution  of  known  strength  the  approximate 
strength  of  the  unknown  can  be  determined.  All  later  experiments 
with  the  pupil  indicate  that  the  relative  activity  for  natural  1-  and 
s}uithetic  dl-  adrenalin  is  about  the  same  as  determined  by  blood- 
pressure  experiments.  In  experiment  75  the  right  eye  was  placed 
in  a 1:40,000  solution  of  natural  1-  adrenalin,  the  left  in  a 1:40,000 
solution  of  s}mthetic  dl-  adrenalin.  The  former  dilated  to  a maxi- 
mum in  tweiit^^-seven  minutes;  the  latter  in  forty-six  minutes. 
The  pupils  were  then  placed  in  several  changes  of  fresh  Ringer, 
whereupon  they  gradually  constricted.  Upon  placing  them  again 
in  fresh  1:40,000  solutions  the  right  e^^e  dilated  in  the  natural  1-  in 
sixt^-eight  minutes  and  the  left  eye  in  sjmthetic  dl-  in  eighty  minutes. 
This  and  similar  experiments  now  in  progress  illustrate  in  a general 
wa}'  the  relative  mydriatic  action  of  these  two  compounds  much 
more  truly  than  is  illustrated  in  a summary  of  1113^  older  experiments. 

In  conclusion  it  ma}'  be  said  that  a method  for  the  standardizing 
of  adrenalin  preparations  which  involves  the  idea  of  minimum 
doses  is  unreliable.  The  pupil  method  is  no  exception  to  this  rule, 
for  minimum  doses  are  even  more  uncertain  in  their  action  upon  the 
frog’s  e3"e  than  the3^  are  in  blood-pressure  experiments.  It  may  be 
assumed  that  adrenalin  acts  upon  muscle  much  as  does  a tetanic 
stimulus,  in  which  case  to  secure  -comparative  results  upon  a given 
muscle  the  stimulus,  preferabl}^  an  optimal  one,  must  be  of  like 
intensit}^  and  duration.  In  aiij  case  the  pupil  reacts  at  different 
rates  with  different  concentration  of  adrenalin.  And  the  time 
required  for  dilation  seems  to  be  a better  index  to  the  strength  of 
chemical  stimulus  than  the  amount  of  dilation.  When  the  time  inter- 
vening between  the  moment  of  stimulation  and  that  of  maximum 
dilation  is  chosen  as  the  unit  results  ma}^  be  obtained  that  compare 
veiy  favorably  with  those  obtained  in  blood-pressure  experiments. 
The  S3uithetic  dl-  adrenalin  has  about  the  same  activit}’^  as  is  indicated 
hy  the  blood-pressure  and  toxicit}^  experiments  alread}^  discussed. 


THEORETICAL. 


In  reading  the  literature  on  the  active  substance  of  the  adrenal 
gland  one  is  impressed  with  the  difference  of  the  doses  said  to  be 
lethal  and  of  the  amount  of  substance  cited  as  the  minimum  dose 
necessar^T-  to  cause  a rise  of  blood  pressure.  These  variations;  I 
believe;  are  to  be  explained  in  part  by  differences  of  technique  but 
more  especially  by  varjdng  amounts  of  adrenalin  in  the  preparations 
used  by  the  different  observers.  Certainly  in  experiments  antedat- 
ing 1900  the  various  workers  must  have  been  using  at  best  only 
mixtures  of  adrenalin  and  other  substances  or  compounds  of  adrena- 
lin itself.  Even  the  epinephrin  used  by  Amberg  seems  to  have  had 
a relatively  low  degree  of  toxicity.  However;  the  experiments  with 
epinephrin  are  worth  repeating;  perhaps  there  was  some  error  in 
determining  the  lethal  dose.  If  epinephrin  proved  to  have  all  of  the 
properties  of  the  pure  base  now  known  as  adrenalin  it  would  be  pos- 
sible to  adopt  this  name  for  the  active  substance  of  the  adrenal  gland; 
which  from  many  standpoints  is  to  be  preferred  above  all  others.  As 
stated  earlier  in  this  paper;  Battelli  Avorked  with  an  unusually  pure 
product;  and  while  it  is  not  altogether  safe  to  compare  results 
obtained  with  animals  so  widel}^  different  as  mice  and  rabbits  still 
it  is  interesting  that  the  lethal  doses  given  in  this  paper  and  those 
cited  by  Battelli  are  Amry  nearly  alike;  Viz.,  8 to  10  milligrams  per 
kilogram  for  subcutaneous  injections. 

It  is  also  interesting  that  the  relathm  pharmacological  activity  of 
the  four  compounds;  as  determined  by  any  given  method — say  blood 
pressure;  toxicit}^;  or  pupil  experiments — should  bear  to  each  other 
a rather  definite  ratio.  And  Avhen  the  difference  in  relative  degree 
of  toxicity  or  of  A^aso-constrictor  activity  seems  to  be  closely  asso- 
ciated Avith  certain  groups  in  the  molecule  or  to  contain  arrangements 
of  these  groups  in  space  it  becomes  very  suggestiAm  from  a theoretical 
standpoint. 

As  already  pointed  out  the  natural  1-adrenalin  has  a A^aso-constric- 
tor  action  one  and  a half  times  as  poAverful  as  synthetic  dl-adrenaliii; 
and  nearly  the  same  action  as  ortho-dioxy-phenyl-ethanol-amin 
(arterenol);  but  eighty  times  as  poAA^erful  as  ortho-ethyl-amino- 
dioxy-aceto-phenon  (homorenon);  thus  making  the  relative  activity 
of  these  substances  to  each  other  as  the  inverse  ratio  of  1:15:1:  80. 
If;  on  the  other  hand;  the  relative  toxicity  of  the  substances  just 
named  be  compared  it  will  be  found  that  they  are  to  each  other  as 
the  inverse  ratio  of  1 : (1.5-2) : 5:  (71-80).  In  comparing  these  ratios 
it  Avill  be  seen  that  they  are  nearl}^  alike;  the  diA^ergence  being  in 
that  part  of  the  toxicity  ratio  pertaining  to  arterenol.  This  product; 
though  causing  nearH  the  same  rises  of  blood  pressure  as  the  natural 

(68) 


69 


1-base,  is  much  less  toxic.  It  would  seem  that  the  substitution  of 
h}^drogen  of  the  amino  group  by  a methyl  or  ethyl  group  increases 
the  toxicity  ; certainly  the  ethyl  group  does  this,  as  is  shown  b}^  the 
increased  toxicit}^  of  1-  and  dl-  adrenalin.  It  would  be  interesting 
to  test  the  effect  of  using  different  alkyl  groups  in  displacing  the 
Iwdrogeii  of  the  amino  group  for  I am  quite  certain  that  if  other 
radicles  or  more  of  them  were  introduced  the  toxicit}"  would  be 
greatly  altered. 

The  four  compounds,  all  catechol  derivatives,  possess  pharmacolog- 
ical qualitative  properties  that  are  very  nearly  identical,  but  their 
quantitative  properties  differ  widely.  What  is  the  key  to  this  quanti- 
tative difference  ? Dakin  and  others  have  attributed  the  similarity  in 
action  to  the  catechol  radicle,  winch  is  essential  to  produce  a rise  of 
blood  pressure.  Daldn  would  divide  the  adrenalin  molecule  into  two 
parts,  the  catechol  nucleus  and  the  side  chain,  oxyethylmethylam- 
ine.  It  was  first  shown  that  catechol  itself  is  qrute  active  and  that 
methyl-amino-acetyl-catechol  is  still  more  hke  adrenalin.  Further- 
more, it  was  observed  that  if  the  hydrogen  of  the  hydroxyl  groups 
were  displaced,  this  compound  became  inactive.  Then,  again,  the 
methyl  ether  of  catechol  is  inactive.  Xow,  in  the  three  compounds — 
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we  have  a good  illustration  of  the  effects  of  changing  the  composi- 
tion of  the  side  chains.  In  (1)  the  composition  is  the  same  as  (2), 
with  the  exception  that  one  hydrogen  is  chsplaced  by  the  methyl  group 
wliile  in  (3)  one  hydrogen  of  the  amino  group  is  displaced  by  an  ethyl 
group  and  the  side  chain  joined  to  the  catechol  nucleus  through  a car- 
boxyl group  instead  of  a secondary  alcohol  group.  Evidently,  it  is  the 
nature  of  this  side  chain  that  determines  the  degree  of  activity  as 
well  as  its  relation.  I agree  with  Dakm  in  liis  contention  that  the 
hydrogen  atoms  of  the  hydroxyl  groups  must  be  unsubstituted,  that 
alkyl  groups  of  low  molecular  weight  tend  to  increase  the  activity 
much  more  efficiently  than  when  larger  molecules  are  introduced  mto 
the  side  chain.  Indeed,  several  factors  seem  to  be  of  prime  importance 
in  determining  the  activity  of  catechol  compoimds.  (1)  TYIiether 
the  substance  partakes  of  the  nature  of  a ketone  or  of  a secondary 
alcohol,  the  latter  being  the  more  active:  (2)  the  nature  of  the 
groups  chsplacing  the  H of  the  amino  groups,  as  well  as  the  number 
of  displacements;  and  (3)  the  arrangement  of  the  asymmetric  carbon 
atom  in  space,  the  l^vo  arrangement  usually  being  an  index  of  the 
greater  activity.  At  least  this  is  borne  out  by  my  own  results  and 
by  the  results  of  Cuslmy  and  others. 

With  the  theory  that  these  are  the  determining  factors  in  modifying 
the  vaso-constrictor  action  of  such  compounds  it  is  hoped  that  as  a 
working  basis  it  ^vill  aid  in  a more  extended  study  of  other  com- 
pounds possessing  physiological  activity. 

coxcnrsioxs. 

1.  The  blood-pressure  method  with  dogs  under  morpliine-ether 
ansesthesia,  the  vagi  cut,  and  very  small  doses  of  curare,  is  the  most 
accurate  pharmacological  assay  for  catechol  derivatives. 

2.  The  pupil  method  as  modified  by  the  author  is  a rehable  assay 
for  adrenahn  but  less  dehcate  and  more  tedious  than  the  blood- 
pressure  method. 

3.  Synthetic  dl-adrenalin  is  less  active  as  a vaso-constrictor  and  as 
a mydriatic  than  natural  1-adrenalin,  the  ratio  being  2:3. 

4.  The  relative  vaso-constrictor  activity  of  the  catechol  derivatives 
in  the  order  named,  1-  and  dl-,  ortho-dioxyphenylethanolmethylamin, 
ortho-dioxyphenylethanolamin  and  ortho-ethvlaminodioxyacetophe- 
non  are  to  each  other  as  the  inverse  ratio  of  1:1.5:1:80. 

5.  The  toxicity  of  the  substances  in  the  order  named  in  (4)  are  to 
each  other  as  the  inverse  ratio  of  1:  (1.5  to  2):5:(71  to  80). 

6.  The  relative  physiological  acthnty  of  these  catechol  derivatives 
seems  to  depend  upon  the  substance  partaking  of  the  properties  of  a 
secondary  alcohol  or  of  a ketone,  upon  the  nature  and  number  of 
groups  displacing  the  hydrogen  of  the  amino  group,  and  upon  the 
arrangement  of  the  asymmetric  carbon  in  space. 
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the  United  States,”  and  three  new  di\isions  were  added  to  the  Hygienic  Laboratory. 

Since  the  change  of  name  of  the  Seixdce  the  bulletins  of  the  Hygienic  Laboratory 
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the  United  States  Government  Hospital  for  the  Insane;  by  Philip  E.  Garrison,  Bray- 
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Xo.  37. — Index-catalogue  of  medical  and  veterinary  zoology.  Subjects;  Trema- 
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3.  Observations  on  two  new  parasitic  trematode  worms:  Homalogaster  philippinensis 
n.  sp.,  Agamodistomum  nanus  n.  sp.,  by  Ch.  Wardell  Stiles  and  Joseph  Goldberger. 


77 
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